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Digoxin Products for Oral Use; Revocation of Conditions
for Marketing and Reaffirmation of New Drug Status

Dear Sir or Madam:

Bertek Pharmaceuticals Inc. (“Bertek”), in cooperation with Amide
Pharmaceutical, Inc. (“Amide”), and by and through counsel, submits these
comments to the above-referenced Dockets issued by the Food and Drug
Administration (“FDA”), relating to digoxin products for oral use (collectively, the
“Digoxin Proposed Rule”). 65 Fed. Reg. 70573 (2000); 65 Fed. Reg. 70538 (2000).
Bertek’s comments support FDA’s position that digoxin products for oral use are new
drugs that require approved applications for marketing. Bertek also supports FDA’s
proposal to revoke the 1974 Digoxin Regulation (21 C.F.R. § 310.500), and to finalize
that revocation in a timely fashion. FDA’s prompt action in this matter will ensure
that the marketplace does not include digoxin tablets that may have disparate
bioavailability, unsubstantiated bioequivalence evidence, formulation and
manufacturing changes that have not been reviewed by FDA, and unproven labeling

claims. By swiftly removing these tablets from the marketplace, FDA will protect the
public health.

Bertek’s comments also respond to the December 22, 2000 comments
submitted by ReedSmith L.L.P. on behalf of Jerome Stevens Pharmaceuticals, Inc., a
manufacturer of digoxin tablets (hereafter, “ReedSmith Comments”). In particular,
our comments will clarify the record and correct the misleading and, at times,
inaccurate statements in the ReedSmith Comments.
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I. The Existing Market For Digoxin Tablets Presents A Public Health Risk

Bertek supports FDA’s proposal to revoke the 1974 Digoxin Regulation, 21
C.F.R. § 310.500, which provides an avenue for marketing digoxin tablets without
obtaining FDA approval pursuant to the drug approval requirements set forth in
Section 505 of the Federal Food, Drug, and Cosmetic Act (21 U.S.C. § 355). We agree
with FDA that the revocation of this outdated regulation will serve to protect the
public health. In today’s marketplace, the public health can be safeguarded only by
subjecting all digoxin products to the same rigorous standards and bioequivalence
testing that is mandated by statute via the post-1984 new drug approval process.!

By contrast, the ReedSmith Comments assert that FDA should reconsider its
proposal to revoke the 1974 Digoxin Regulation, arguing that FDA failed to identify
any threat to public health that has arisen from the operation of the regulation. We
strongly disagree and note that the public health risks are numerous and
unmistakable, as discussed herein. Additionally, if FDA were to delay the revocation
of the 1974 Digoxin Regulation, new companies could enter the digoxin market, and
companies that had previously ceased manufacturing could reenter the digoxin
market, thereby exacerbating the endangerment to the public health.2

1 To preserve the administrative record, Bertek notes that its legal counsel has taken
the position that, where new drug applications have been approved by FDA, the new drug
approval process (i.e., 21 U.S.C. § 355) provides the only legitimate statutory means for the
lawful marketing in interstate commerce of digoxin tablets — a legal argument that has been
upheld by at least one court and followed by FDA in other instances. See Hoffman-LaRoche
v. Weinberger, 425 F. Supp. 890 (D.D.C. 1975); FDA Compliance Policy Guide 7132¢.02, 49
Fed. Reg. 38190 (1984) (amended in 1987). As a result, FDA may have no legal authority to
reconsider its proposal to revoke the 1974 digoxin regulation.

z We note that, in 1988, digoxin tablet marketers included J.J. Balan, Bioline,
Burroughs Wellcome, Cooper Drug, Dixon-Shane, Genetco, Gen-King, Glenlawn, Goldline,
Harber, Interstate, Kenyon, Lannett, Major, H.L. Moore, Parmed, Pharmaceutical Corp. of
America, Purepac, Redi-med, Ruckstuhl, Rugby, Schein, Scrips, Truxton, United Research,
Vangard, Veratex, Vita-Rx, Vortech, West-Ward, Williams Generics, and Zenith Goldline.
See 1988 Drug Topics® Red Book®, pp. 288-289. By 1991, other market entrants included
Aligen, Clinical, Halsey Drug, Medirex, Pioneer Pharmaceuticals, and Qualitest. See 1991
Drug Topics® Red Book®, pp. 246-247. Likewise, Alra, Amide, Glasgow, Jerome Stevens,
PD-Rx Pharmaceuticals, Physicians Total Care, Raway, and Southwood were in the market

(Footnote cont'd on next page.)
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A. Without An FDA Review For Safety And Effectiveness, The
Marketing Of Digoxin Tablets Unnecessarily Risks The Public Health

As FDA has confirmed, GlaxoSmithKline (then, Burroughs Wellcome) initially
marketed a digoxin product in the U.S. in 1934. The early marketing of this drug is
important to an understanding of FDA’s proposed action in 2000 because, in three
ways, the law governing drugs has changed fundamentally since 1934. First, in
1934, federal law did not require approval by FDA before a drug could be marketed.
That requirement was imposed by Congress in 1938 via the Federal Food, Drug, and
Cosmetic Act (“FFDCA”). The 1938 FFDCA required prior FDA approval based
solely on a demonstration that the drug was safe for patient use. Second, in 1962,
Congress amended the FFDCA to require that FDA must affirmatively approve a
drug for its effectiveness, as well as its safety. Third, in 1984, Congress adopted the
modern generic drug approval process, by which a generic drug maker can obtain
FDA approval of an abbreviated new drug application (‘ANDA”) upon a
demonstration that the generic drug is equivalent to a previously-approved drug. In
accordance with the law, GlaxoSmithKline obtained FDA approval for a new drug
application (“NDA”) for Lanoxin® brand digoxin tablets in 1997. Then, in 1999,
Amide obtained FDA approval of its ANDA for digoxin tablets that are
therapeutically equivalent to Lanoxin®. Bertek markets and distributes the Amide
tablets under the trade name, Digitek®.

Because of digoxin’s pre-1938 marketing, digoxin tablets were marketed via
regulatory avenues that did not encompass FDA’s specific consideration of the safety
and effectiveness of each manufacturer’s version of digoxin tablets, nor their
equivalence to each other. Nor were digoxin tablets determined to be “generally
recognized” by scientific experts as safe and effective for their intended use, as FDA
declared in the 1974 Digoxin Regulation and reaffirmed in the present Digoxin
Proposed Rule.

(Footnote cont'd from previous page.)

in 1996. See 1996 Drug Topics® Red Book®, p. 224. The 2000 Drug Topics® Red Book®
provides current digoxin tablet price lists from Alra, American Health, Amide, Bertek,
Duramed, Glaxo Wellcome, Jerome Stevens, Major, Medirex, PD-Rx Pharmaceuticals,
Pharma Pac, Physicians Total Care, Quality Care, Sky Pharma, Southwood, and Vangard.
See 2000 Drug Topics® Red Book®, pp. 287-288.
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Instead, FDA implemented a batch certification program for digoxin tablets,
involving a review of bioavailability and dissolution testing, and the use of uniform
labeling. Unlike the post-1984 new drug approval process that Glaxo and Amide
undertook,? the batch certification process did not involve FDA’s pre-marketing
review of the manufacturer’s product formulation, standards for purity and quality,
active pharmaceutical ingredient specifications and supplier(s), manufacturing
facility, manufacturing processes, packaging processes, or stability. As a result, an
FDA determination of whether these issues did or could affect the safety or
effectiveness of the product was not undertaken. Moreover, after Jerome Stevens
- submitted its initial batch of digoxin tablets to FDA, the agency rescinded the batch
certification program for Jerome Stevens in 1995.4

Without a new drug application in place, and with the batch certification tests
on hold, FDA’s post-marketing supervision of Jerome Stevens’ digoxin tablets is
severely limited. Under the batch certification process, a manufacturer is not
required by law to report all adverse drug experiences (“ADEs”) to FDA. As a result,
ADEs related to subpotency, superpotency or inconsistent blood levels may exist but
not be reported or captured in FDA’s database.

» Similarly, product reformulations are not reported for FDA’s consideration,
even though reformulations may affect potency and, thus, bicavailability.? In fact,
Jerome Stevens’ formulation was changed as recently as 1999, when Jerome Stevens
changed the color of its 0.125 mg digoxin tablets from white to yellow, apparently as

part of an effort to portray the product as interchangeable with the yellow
GlaxoSmithKline 0.125 mg tablet. See Attachment 1 (Duramed/Jerome Stevens
digoxin package insert, “How Supplied” section, dated 5/99 and 12/99). In other

3 See 21 U.S.C. § 355(b), (j); 21 C.F.R. §§ 314.50, 314.94.

4 See FDA Quarterly Activities Report, Fourth Quarter, Fiscal Year 1995, at the section
on “Human Drugs”, http://www.fda.gov/ope/quartly. htm#Human%20Drugs.

5 See, e.g., 62 Fed. Reg. 43535, 43536 (1997) (when describing safety problems with

levothyroxine sodium products, FDA explained, “one manufacturer reformulated its
levothyroxine sodium product by removing two inactive ingredients and changing the
physical form of coloring agents (Ref. 6). The reformulated product increased significantly in
potency. . .. This increase in product potency resulted in serious clinical problems.”)
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cases, FDA has determined that such a color change which involves an addition or
deletion of inactive ingredients, may detrimentally affect the product’s potency.$

Without the pre- and post-marketing review by FDA that is required under the
new drug approval process, 21 U.S.C. § 355 and implementing regulations, FDA’s
regulatory oversight of a marketed drug is minimal. This is true for the digoxin
tablets that are marketed under the 1974 Digoxin Regulation. Public health
protection necessitates an end to the minimal oversight for these drugs. Moreover,
FDA clearly has discretion to end the batch certification program when intervening
law provides a more exacting, scientifically-based avenue for marketing drugs.

B. FDA Has Documented Its Safety ancerns With Digoxin Tablets

As the agency detailed in the preamble to the Digoxin Proposed Rule, there
have been documented safety concerns with the use of digoxin tablets, both before
and after the batch certification process was implemented. In the 1970s, FDA
documented bioavailability, potency and dissolution problems, which led to product
recalls. 39 Fed. Reg. 2471 (1974). In the 1980s and 1990s, many digoxin makers
entered and exited the market (see Footnote 2, herein), in part because of the
difficulty in maintaining consistency between product batches. Despite the batch
certification program and other safety nets created by the 1974 Digoxin Regulation,
FDA continued to document safety issues as late as 1991.7 As a result of these safety
concerns, FDA asked GlaxoSmithKline to submit an NDA demonstrating that its
Lanoxin® brand of digoxin tablets met the safety and efficacy standards for post-1984
drug approvals. See 21 U.S.C. § 355(b); 21 C.F.R. § 314.50.

Furthermore, digoxin is a toxic prescription drug used for the treatment of
serious heart conditions. This potential for life-threatening digoxin intoxications has
caused manufacturers to develop an antidote, Digibind®. There can be no doubt that
the use of an unapproved digoxin product carries dangerous health implications. In
fact, FDA has recommended additional patient protections for narrow therapeutic

6 See id. See also, 21 C.F.R. § 314.70(d)(4); 64 Fed. Reg. 34608, 34624 (1999) (Proposed
Rule on Supplements and Other Changes).

7 See Digoxin NDA and ANDA Submissions to Resolve Dissolution Problems, F-D-C
Reports, Inc., “The Pink Sheet,” July 15, 1991, at T&G-5.




McKenna & Cuneo, LL2

Attorneys at Law

Dockets Management Branch
February 21, 2001
Page 6

range drugs because of the associated public health risks. Specifically, FDA has
suggested that “sponsors consider additional testing and/or controls to ensure the
quality” of these drugs and “provide increased assurance of interchangeability.”8
While the agency has expressed its confidence that FDA-approved therapeutically
equivalent drugs like Lanoxin® and Digitek® can be safely interchanged, FDA has
1dentified concerns about unapproved narrow therapeutic range drugs that have not
been proven to be therapeutically equivalent.? ‘

These numerous safety concerns establish that FDA’s intended actions in the
Digoxin Proposed Rule are valid and necessary.

C. The Concurrent Marketing Of Bioequivalent And Potentially
Bioinequivalent Digoxin Tablets Puts The Public Health At Risk

So long as the digoxin regulation remains in place, digoxin tablets will
continue to be marketed under two regulatory systems — the post-1984 new drug
approval process and the 1974 Digoxin Regulation’s batch certification program. The
new drug approval process requires scientific testing for bioequivalence, to prove that
an alternative version of digoxin tablets can be safely substituted for the innovator
drug, Lanoxin® tablets. But the batch certification process fails to require
bioequivalence — the scientific testing that forms the basis for FDA’s therapeutic
equivalence determination and, hence, safe product substitution. This dual system is
unacceptable today — given that two FDA-approved digoxin tablets are on the
market, and skyrocketing prescription drug costs continue to trigger patient requests
for the generic substitution of their prescriptions.

To summarize, when FDA approved Amide’s digoxin tablets, the agency
declared that the tablets were therapeutically equivalent, or “AB-rated”, to
GlaxoSmithKline’s tablet. See FDA’s Approved Drug Products With Therapeutic
Equivalence Evaluations, 20th ed. (2000), at 3-121 (the “Orange Book”). With that

8 See FDA Guidance for Industry: Bioavailability and Bioequivalence Studies for
Orally Administered Drug Products — General Considerations (Oct. 2000), at 21.
9 See FDA “Dear Colleague” letter from Stuart L. Nightingale, M.D., Associate

Commissioner for Health Affairs, Center for Drug Evaluation and Research, dated January
28, 1998.
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designation, Amide’s tablets may be prescribed by physicians and dispensed by
pharmacists in place of Lanoxin® tablets, when state law authorizes such

“substitution.” See id., at Preface, sections 1.2 and 1.7. By contrast, Jerome Stevens’
digoxin tablets are not eligible for lawful substitution because they have not been
approved by FDA as therapeutically equivalent to Lanoxin®. Consequently, while
GlaxoSmithKline’s and Amide’s digoxin tablets may be safely substituted for each
other, FDA and the public do not have scientific data supporting the substitutability
of Jerome Stevens’ tablets.

The only entity that can provide that data is the manufacturer, Jerome
Stevens. Although Jerome Stevens has known since the 1997 Lanoxin® approval
that bioequivalence testing would be an important scientific benchmark for all
digoxin tablets, the company has failed to publicize any bicequivalence testing that
would address the question whether its tablets are bioequivalent to Lanoxin® or,
mstead, present fluctuating digoxin levels. It is telling that, in the ReedSmith
Comments, Jerome Stevens’ counsel did not provide bioequivalence data or even
allude to bioequivalence testing that the company had conducted or was presently
undertaking. Instead, the ReedSmith Comments focused exclusively on “regulatory
policy,” administrative procedures, and the timeframe involved in complying with the
Digoxin Proposed Rule, once it is finalized.

Since bioequivalence data is lacking, any inadvertent substitution of the
Jerome Stevens tablets could place a patient at risk. The standardization of digoxin
tablet products, as FDA is attempting via the Digoxin Proposed Rule, is imperative
for physician/pharmacist confidence and patient safety. Moreover, the risk from
inadvertent substitution is heightened for pharmacists and patients since the
unapproved tablets cannot be distinguished readily from FDA-approved tablets by
their appearance. Data from FDA’s Adverse Event Reporting System (“AERS”)
illustrates this risk. Although Bertek has not completed a systematic review of the
AERS database, we note that, from October — December 1999, three adverse drug
experiences were reported to FDA due to the “maladministration” of Jerome Stevens’
0.125 mg digoxin tablets.10

10 The identifying Control numbers and Individual Safety Report numbers for these
adverse experiences, as delineated in the AERS database, are as follows: 3394747 /
1001434281; 3395757 / 1001436086; 3408995 / 1001468960.
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Because digoxin tablets present a narrow therapeutic range, as described
above, the inappropriate substitution of different versions of the tablets raises
particular health concerns. The dual regulatory system in place for digoxin tablets
heightens that concern, due to the confusion it engenders for those in the health care
professions. In particular, physicians, pharmacists, patients and insurance carriers
have indicated to Bertek employees that they were unaware that Amide’s digoxin
tablets are an FDA-approved product that can be legally substituted for Lanoxin®.
Bertek customers also failed to understand that Jerome Stevens’ digoxin tablets are
not AB-rated to Lanoxin® and, thus, cannot be legally substituted. Some suggested
to Bertek that all marketed versions of digoxin tablets must be “equally safe,” since
FDA allows them to remain on the market. Others expressed uncertainty as to
appropriate substitution, since the Amide and the Jerome Stevens tablets are both
referred to colloquially as “generic” versions of digoxin.!!

Given all of the above information, it is clear that FDA has a reasoned basis
for proposing to revoke the 1974 Digoxin Regulation and calling for the submission of
NDAs and ANDAs for the continued marketing of digoxin tablets.

D. ‘ The Existence Of Dlial Regulatory Systems Has
Resulted In Labeling Inconsistencies For Digoxin Tablets

- As FDA explained in the preambles to the Digoxin Proposed Rule, the agency
approved GlaxoSmithKline’s digoxin tablets on the basis of particular indications for
use that were supported by clinical studies — namely, heart failure and atrial
fibrillation. What the preambles did not explain is that the digoxin tablets being
marketed under the batch certification program had been claiming up to five
indications for use: congestive heart failure, atrial fibrillation, atrial flutter,

11 Data from Bertek’s customer service staff documents the market confusion about the
suitability of substituting digoxin tablets. Based on a review of approximately 50 unsolicited
inquiries to Bertek, compiled on the company’s Medical Information Question reports from
March through September 2000, Bertek documented 39 inquiries of confusion about
Lanoxin® and Digitek®. In particular, Bertek noted the following: (a) 2 pharmacists, 1
physician, 7 patients, and 1 pharmacy benefit manager called to inquire about the
“difference” between Digitek® and Lanoxin®; and (b) 11 pharmacists, 4 physicians, 8
patients, 3 pharmacy benefit managers, 1 wholesale distributor and 1 state board of
pharmacy called to inquire whether Digitek® is AB-rated to Lanoxin®.
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paroxysmal atrial tachycardia, and cardiogenic shock. 21 C.F.R. § 310.500(e). By
permitting digoxin tablets to be marketed under dual regulatory systems, therefore,
FDA sanctioned the use of two sets of disparate labeling for the same drug. Such a
situation is clearly misleading to physicians, pharmacists and patients, and could
have a detrimental affect on the public health. Moreover, by approving only two
indications for GlaxoSmithKline’s digoxin tablets, FDA implicitly determined that
the remaining claims were not supported by substantial evidence of safety and
effectiveness.!? Consequently, we question by what legal authority FDA could permit
digoxin tablets with such unproven labeling claims, and thus misbranded labeling,13
to remain on the market.

II.  Given The Public Health Risks, FDA Should Expedite The
Revocation Of The 1974 Digoxin Regulation, Not Delay It

As detailed above, there are numerous public health risks inherent in the
present situation, where digoxin tablets are marketed under two different regulatory
schemes, with two disparate sets of labeling, and where indiscriminate substitution
of the tablets cannot be prevented. The potential risks make Jerome Stevens’
position all the more difficult to understand. In the ReedSmith Comments, Jerome
Stevens argues that FDA should permit the continued marketing of unapproved

12 The FFDCA’s drug approval provisions require substantial data support for each
labeling claim that a drug is safe and effective for a particular indication. 21 U.S.C. § 355(d);
21 C.F.R. § 314.50(d). FDA approves the specific wording of labeling claims, as justified by
the scientific data. If insufficient data are presented to justify a particular claim, FDA
requires the deletion of the claim from the labeling as a condition of approval. Id. See also,
FDA Summary Basis of Approval for NDA 20405, October 26, 1994, Memo from Raymond J.
Lipicky, M.D.; Glaxo Lanoxin Label Rewrite Should Await Further CHF Mortality Data, F-
D-C Reports, Inc. “The Pink Sheet”, May 13, 1996, at 17; Glaxo Wellcome Lanoxin (Digoxin)
NDA Approved for Heart Failure, October 6, 1997, at T&G-2. '

18 According to the FFDCA, a drug is misbranded if its labeling makes claims without
adequate scientific support. 21 U.S.C. § 352; see e.g., U.S. v. Lanpar Co., 293 F. Supp. 147
(N.D. Tex. 1968) (drug misbranded because of unapproved labeling claims for treatment of
obesity); U.S. v. Torigian Laboratories, Inc., 577 F. Supp. 1514 (E.D.N.Y. 194), affd without
op., 761 F.2d 373 (2d Cir. 1984) (labeling false or misleading because of unsupported sterility
claims); U.S. v. General Nutrition, Inc., 638 F. Supp. 556 (W.D.N.Y. 1986) (unapproved drug
claims constitute inadequate directions for use in labeling).
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digoxin tablets for another two years. We disagree, and applaud FDA’s expeditious
action to revoke the 1974 Digoxin Regulation within 30 days after issuing the final
rule on this matter.

A. FDA’s Deadline Delay For Levothyroxine NDAs Is Not A Valid
Reason To Delay The Revocation Of The 1974 Digoxin Regulation

Jerome Stevens’ claim that FDA has “clear precedent” for delaying the
effective date of the finalized Digoxin Proposed Rule, based on the levothyroxine
situation, is disingenuous at best. Although the regulatory state of levothyroxine
sodium is similar to the digoxin situation in that both are narrow therapeutic range
drugs that have been marketed for many years without direct FDA review and
approval, the levothyroxine situation can be distinguished from the digoxin situation
in three important respects. First, as to levothyroxine, FDA had not made a
determination that the products were new drugs before calling for new drug
applications in 1997.14 Nor did the agency declare levothyroxine to be a new drugin
the 1997 notice. In fact, in addition to calling for NDAs, FDA specifically permitted
the submission of citizen petitions establishing that the product is not subject to the
new drug requirements of the FFDCA but, instead, is generally recognized as safe
and effective (“GRAS/E”) for its intended use. Unlike an NDA, a GRAS/E petition is
not covered by user fees — money that assists the agency in reviewing an NDA in a
median time of 12 months.!> Thus, the agency needed to provide an elongated review
period so that manufacturers could evaluate and exercise either the NDA or citizen
petition option, and the agency could act on a GRAS/E petition outside of the user-fee
timeframes. The case of digoxin is much different, since FDA has publicly declared
since 1974 that the tablets are new drugs and, thus, the NDA option clearly is the
only appropriate review process. Accordingly, an elongated review period is
unnecessary for digoxin.

Second, there were no FDA-approved levothyroxine products on the market
when FDA called for NDAs for that drug. As a result, FDA provided a three-year
effective date, in part, to ensure that there was minimal disruption of the supply of

14 See 62 Fed. Reg. 43535 (1997).

15 See FDA’s FY 1999 Performance Report to Congress for the Prescription Drug User
Fee Act of 1992,
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this “medically necessary” drug to patients.16 By contrast, in the digoxin case, there
are two FDA-approved digoxin tablets presently on the market, and disruption of
supply is not an issue. Third, other unique factors in the administrative processing
of the levothyroxine situation resulted in a further delay of FDA’s deadline — FDA
could not complete a review of one manufacturer’s GRAS/E petition before the three-
year deadline was to expire (at which time only NDAs would be accepted), and that
manufacturer sued FDA over a Freedom of Information Act request for agency
documents pertaining to levothyroxine.1” With all of these distinguishing factors,
FDA’s three-year timeframe in the levothyroxine case is not an appropriate
comparator for protesting the timeframe set forth in FDA’s Digoxin Proposed Rule.

B. The Drug Industry Has Been On Notice For Many Years That
FDA Wished To Revoke The 1974 Digoxin Regulation And
Issue New Drug Approvals For Digoxin Tablet Applications

Jerome Stevens’ complaint that FDA’s timeframe for revoking the 1974
Digoxin Regulation does not provide Jerome Stevens with enough time to “conduct
equivalency testing and prepare premarket applications” for its digoxin tablets is an
artificial complaint. The company’s implications of unfairness are unfounded.
Despite its criticism of the speed with which the Digoxin Proposed Rule was issued
by the agency, the reality is that FDA has been working on a regulatory action to
withdraw the 1974 Digoxin Regulation for many years, and industry has known it.18
In fact, Bertek’s regulatory counsel, McKenna & Cuneo, L.L.P., has confirmed that
the firm has been advising generic drug manufacturers since at least 1993 (upon a
review of client files) that FDA was working on a proposed rule to modify or
withdraw the 1974 Digoxin Regulation and, thus, reliance on the batch certification
program for digoxin tablets would engender a certain amount of regulatory risk.

16 See 62 Fed. Reg. 43535 (1997).

17 See Jerome Stevens Unithroid Marketing Will Emphasize NDA Approval,
F-D-C Reports, Inc., “The Pink Sheet,” Aug. 28, 2000, at 4.

18 See Digoxin NDA and ANDA Submissions to Resolve Dissolution Problems, F-D-C
Reports, Inc., “The Pink Sheet,” July 15, 1991, at T&G-5; Pre-1938 Drugs Will Be Defined as
“New Drugs” Requiring Applications, Bicequivalence Studies, CDER Says in Report to
Former Edwards Committee, “The Pink Sheet,” July 6, 1992, at 7.
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Even consumer groups have urged FDA to withdraw pre-1938 unapproved drugs
from the market.19

Moreover, it was no secret in the mid-1990s that GlaxoSmithKline had
submitted an NDA for Lanoxin® tablets to the agency.2? And in 1997, when FDA
approved the NDA for Lanoxin®, Jerome Stevens and the digoxin industry were on
notice that the agency may initiate regulatory action to withdraw other digoxin
tablets from the market that were not marketed pursuant to approved drug
applications. This notice was provided by FDA’s Compliance Policy Guide 7132c.02
and by application of the policy to other similarly situated products. To summarize
briefly, the CPG explains in relevant part that FDA will initiate enforcement action
against “any drug on the market without an approved new drug application” if it is
“identical or related to” a drug with an NDA approved after 1962.21

Jerome Stevens’ statement that it was “not provided the opportunity for any
input” into the situation when Bertek sued FDA over the 1974 Digoxin Regulation is
also false. The lawsuit against FDA was publicized in numerous news publications.22
Moreover, court filings are public documents. And Jerome Stevens’ own digoxin
distributor, Duramed, had knowledge of the suit. In fact, Duramed’s legal counsel
called Bertek’s legal counsel soon after the suit was filed to discuss the fact that

19 In a May 29, 1996 letter to then-FDA Commissioner David Kessler, the consumer
watchdog group, Public Citizen, implored FDA as follows — “We are writing to urge you to
expeditiously begin a safety and efficacy review of all pharmaceuticals marketed in the
United States prior to 1938, beginning with the most heavily prescribed drugs.” The Public
Citizen letter then went on to highlight problems with the marketing of the pre-1938 drug,
levothyroxine tablets, which were not reviewed by FDA for safety and efficacy under the new
drug approval process of 21 U.S.C. § 355.

20 See Glaxo Lanoxin Label Rewrite Should Await Further CHF Mortality Data, F-D-C
“Reports, Inc., “The Pink Sheet,” May 13, 1996, at 17.

21 FDA CPG 7132¢.02 (1984, Supp. 1987) at 5; see also, 21 C.F.R. § 314.200(e)(3) (FDA
will not find any new drug to be exempt from approval requirements if it is identical, similar
or related to an approved drug product).

22 See Firms Sue FDA,for Allowing “Unapproved” Digoxin to Remain on Market, Inside
Washington’s FDA Week, Oct. 6, 2000, at 10; Bertek and Amide Sue FDA to Remove
Unapproved Digoxins, F-D-C Reports, Inc., “The Pink Sheet,” Oct. 16, 2000, at 7.
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Duramed might intervene in the lawsuit. Likewise, Jerome Stevens could have
intervened in the lawsuit, if it so chose.

With a reasonable amount of attention to agency policy and knowledge of the
digoxin industry, therefore, Jerome Stevens would have had plenty of notice that
FDA would seek a revocation of the 1974 Digoxin Regulation. A prudent
manufacturer would have been conducting bioequivalence testing and subsequent
research and development activities to obtain therapeutic equivalence to Lanoxin®
tablets. By asserting its need for more time to conduct these activities — three years’
after Lanoxin’s® FDA approval — Jerome Stevens admits either that it was not
paying attention to the regulatory landscape or is having difficulty meeting the
requisite bioequivalence specifications. Neither of these excuses is a valid reason for
FDA to delay the effective date of the Digoxin Proposed Rule.

C. Jerome Stevens’ Call For FDA To Delay Is Hypocritical, When
-The Company Has Opposed A Delay For Levothyroxine Products

Finally, Jerome Stevens’ fixation on the need for FDA to delay any action in
revoking the 1974 Digoxin Regulation is directly contradicted by the firm’s own
declarations made just one month prior to the December 22, 2000 ReedSmith
Comments. See ReedSmith comments to FDA re Compliance Date for Approved New
Drug Applications for Orally Administered Levothyroxine Sodium Drug Products,
dated November 17, 2000, submitted to Docket No. 97N-0314 (“ReedSmith November
17 Comments”). Specifically, Jerome Stevens and its legal counsel, ReedSmith, have
taken the completely opposite position in the case of a similarly situated drug,
levothyroxine. The difference which necessitates Jerome Stevens’ opposite argument
is that the company is the only NDA holder for levothyroxine tablets, but is the only
non-NDA holder for digoxin tablets.

As a result, we can state our position that FDA should expedite the revocation
of the 1974 Digoxin Regulation by quoting ReedSmith’s own statements. We have
merely replaced the drug, digoxin tablets, for ReedSmith’s use of the drug, levothy-
roxine sodium, and have referred to “NDA/ANDA holders” where ReedSmith referred
to Jerome Stevens. Just as we have asserted in Section A above, Jerome Stevens
argues in the ReedSmith November 17 Comments that a delay for noncompliant
companies to submit NDAs to FDA is not warranted because of the risk to public
health, the fact that compliant products are already on the market, and the confusion
created by a market that contains both approved and unapproved drug products.
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“In light of the concern properly identified by FDA with regard to the potency
and stability of [digoxin products], further delay of the deadline would allow
potentially unsafe and ineffective products to remain on the market. This

‘situation would create a potential, and unnecessary, risk to public health.

With the recent approval of a NDA for [digoxin], there now exists a properly
registered and inspected product available to patients in the United States.
No medical justification exists to permit unproven products to remain on the
market. It would also be unfair to [NDA/ANDA holders], prescribing
physicians and consumers to change the rules to which at least one company
was required to faithfully comply.”23

“In light of the availability of [digoxin tablets] with an approved NDA and
approved GMP-compliant manufacturing facilities, the basis for extending the
deadline again for manufacturers to file and obtain NDA approval no longer
applies. There is now available to consumers a [digoxin] product proven safe
and effective, with consistent potency and bioavailability — [the NDA/ANDA
products].”24

“A drug product with NDA approval must now compete with products that
have not undergone the same required regulatory review. FDA should not
expand this inequity and risk to public health by extending a delay in NDA
approval now that a compliant product is on the market.”25

“In the interest of the public health, [the NDA/ANDA holders] ha[ve]

undertaken the effort and expense of complying with FDA’s notice by the
initial deadline. A number of other manufacturers have not yet done so, but
may continue to market their products, despite the potential health risks that
FDA has identified. To extend the deadline once again when an NDA-
approved product is now available . . . would only perpetuate the risks to

23

24

25

ReedSmith November 17 Comments, at 1-2.
ReedSmith November 17 Comments, at 3.
ReedSmith November 17 Comments, at 3 (emphasis added).
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public health that FDA has identified and be grossly unfair to compliant
manufacturers like [the NDA/ANDA holders].”26

Clearly, we cannot argue with ReedSmith and Jerome Stevens on these points.

In conclusion, we support FDA’s decisions to revoke the 1974 Digoxin
Regulation, reaffirm its determination that digoxin products for oral use are new
drugs, and declare that manufacturers who wish to market such digoxin products
must submit NDA or ANDAs and obtain agency approval of those products.

Respectfully suhmitted,

Enclosure(s)

ce: Janet Woodcock, M.D., CDER, FDA
Margaret Jane Porter, Office of Chief Counsel
Linda A. Suydam, Office of the Commissioner
Raymond J. Lipicky, M.D., ODE I, FDA
Gary J. Buehler, OGD, FDA
John M. Taylor, Office of Compliance, FDA
Thomas W. Abrams, DDMAC, FDA

26 ReedSmith November 17 Comments, at 3.
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DIGOXIN TABLETS

. 125 ug (0.125 mgq)
Scared 1.D. Imprint dp 914 {white)
250 g {0.25 mg)

Scored 1.D. Imprint & 915 {white}

DESCRIPTION

Digoxin is one of the cardiac (or digitalis) giycosides, a closely related
group of drugs having in common specific effects on the myocardium.
These drugs are found in a number of plants. Digoxin is extracted from
the leaves of Digitalis ianata. The term “digitalis” is used to designate
the whole group. The glycosides are composed of two partions: & sugar
and a cardenalide (hence "glycosides™).

Digoxin has the molecular formula C.H,,0,,, a molecular weight of
780.95 and melting and decomposition points above 235°C. The drug
is practically insoluble in water and in elher; slightly soluble in diluted
(50%) alcohol and in chioroform; and freely soluble in pyriding.
Digoxin powder is composed of odorless white crystals.

Digoxin has the chemical name: 3p-[(0-2,6-dideoxy-B-D-ribo-
hexapyranosyl-(1-—4)-0-2,6-dideoxy-B- D-ribo-hexopyranosy!-
(1-+4)-2 6-dideoxy-B-D-ribo-hexopyranosyhoxy]-12B, 14-dihydroxy-
5B-card-20(22)-enolide, and the structure shown:

Digoxin Tablets with 125 g (0.125 mg) or 250 pg (0.25 mg) digoxin
USP are intended lor oral use. Each tablet consairs the labeled amount
of digoxin USP.

HIGUE i1 Suictrs,

0.125 mg tablets—corn starch, pregetalinized starch. stearic acid.
lactose and magnesium stearate.

0.25 mg tablets-corn starch. pregelatinized starch, stearic acic. factose
and magnesium stearate.

CLINICAL PHARMACOLOGY

Mechanism of Action: The infiuence of digitatis glycosides on the
myacardium is dose related and involves both a direct action on cardiac
muscle and the specialized conduction system, and indirect actions on
the cardiovascular system mediated by the autonomic nervous system.
The indirect actions mediated by the autonomic nervous system involve
avagomimetic action, which is responsible for the effects of digitalis on
the sino-atrial (SA) ‘and atrioventricular (AV) nodes: and also a
baroreceptor sensitization which resulls in increased carofid sinus
nerve activity and erhanced sympathetic withdrawal for any given
increment in mean arterial pressure The pharmacologic consequences
of these direct and indirect effects are: 1) an increase in the force and
velacity of myocardial systolic contraction (positive inotropic action); 2)
3 slowing of heart rate (negative chronotrapic effect): and 3) decreased
conduction vetocity through the AY nodz. In higher doses, digitalis
mncreases sympathetic outflow from the central nervous system (CNS)
to both cardiac and peripheral sympathelic nefves This increase in
Sympathetic achvity may be an mportant factor in digialis cardiac
toxicity. Mast ¢f the extracardiac manifestations of digitalis toxicity are
also mediated by the CNS

Pharmacokinetics:

Absorption—Gasirontestinat absorption of digoxin is a passive
process. Absorption of digoxin from the Digoxin tablet formulation has
been demonstrated to be 60 to 80% completé compared to an identical
inlravenous dose of digoxin (absoiute bicavailability). Whan digaxin
tablets are taken after meals, the rate of absorption is siowed. out the total
2mount of digoxin absorbed is usually unchanged When taken with
meals high in bran fiber. however. the amaunt absorbed from an orat dose
may be reduced. Comparison of the systemic avaitability and equivalent
doses lor digoxin preparations are shown in the following table:

ABSOLUTE EQUIVALENT DOSES
PRODUCT BIQAVAILABILITY (IN MG*)
Digoxin Tablet 60-80% 0125 025 05
Lanoxin Elixir 70-85% 0125 025 05
Lanoxin Injection/t.M. 70-85% 0125 025 05
Langxin Injection/L.V. 100% 0.1 02 04
Lanoxicaps® Capsules  90-100% 01 02 04

"1 mg = 1000 ug

In some patients. orally administered digoxin is convertéd 1o
cardioinactive reduction products (e.q.. dihydradigoxin) by colonic
bacteria in the gut. Data suggest hat one in ten palients tréated with
digoxin tablets will degrade 40% or more of the ingested dose.
Distributi Following drug i on, a 6 to 8 hour
distribution phase is observed. This 1s followed by a much more
gradual serun concentration decline, which is dependenl on digoxin
elimination from the body. The ceak height and slope of the early
portion (absorption/distribution thases) of the serum congentration-
timg curve are dependent upon the route of administration and the
apsorption characteristics of the formulation. Clinical evidence
indicates that the early high serum concentrations do not rellect the
concentration of digoxin at its site of action, but that with chronic use.
the steady-state nost-disiribution sejum fevels are in cquilibrium mith
tissue levels and correlate with pharmacologic effects. In individual
patients. these post-distrib Serum o ions ‘are linearly
relaled to maintenance dosage ang may be useful in evajuating
therapeutic and toxic effects. (see Serum Digoxin Concentrations in
DOSAGE AND ADMiNISTRATION section)

Digoxin is concentrated in tissues and therefore has a lasge apparent
volume of distribution. Digoxin crosses both the blood-brain barrier

STl 10 (e SeTum ievel it ine Mgingr. hpili(;Alrllbiq:)‘ PAVRT] t:)in_ ui_pwasm*,
digoxin is bound to protein. Serum digoxin concentrations are not significantly
altered by large changes in fat tissue weight, so that its distribution Space
correlates best with lean (ideal) body weight, not tatal body weight.
FPharmacologic Response—The approximate times fo onset of effect and
to peak effect of all the Digoxin preparations are given in the following lable:

TIME TO ONSET TIME 1D
PRODUCT OF EFFECT* PEAK EFFECT*
Digoxin Tablels 0.5-2 hours 2-6 hours
Lanoxin Elixir 0.5-2 hours 2-6 hours
Lanoxin Injection/. M. 0.5-2 hours 2-6 hours
Lanoxin Injection/L.V. §-30 minutes t 1-4 hours
Lanoxicaps Capsules 05-2 hours 2-6 hours

*Documented for ventricular response rate in atrial fibriilation, inotropic effect,
and electrocardiographic changes.
1Depending upon rale of infusion

Exeretion—ttimination of digoxin toliows first-order kinetics {that is. the
quantity of digoxin eliminated at any time is proportional to the total body
content). Following intravenous administration to normal subjects, 50 to 70%
of a digoxin dose is excreted unchanged in the urine. Renal excrefion of
digoxin is proportional to glomerular filtration rate and is largely independent
of urine flow. In subjects with normal renal function, gigoxin has a half-life of
1.5 to 2.0 days. The hall-lite in anuric patients is prolonged to 4 10 6 days.
Digoxin is not eflectively removed from the body by dialysis. exchange
transfusion, or during cardiopuimonary by-pass because most of the drug is in
lissue rather than circulating in the blood

INDHCATIONS AND USAGE

Heart Failure: The increased cardiac output resutting from the inotropic
action of digoxin ameliorates the disturbances characteristic of heart faiture
{venous congestion. edema, dyspnea, orthoprea. and cardiac asthma)
Digoxin is more etfective in “low outpul” (pump) failure than in “high output™
heart failure secondary to arteriovenous fistula, anemia. infection, or
hyperthyroidism.

Digoxin is usually continued after failure is controlled, unless some known
orecipiteting factar is corrected. Studies have shown, however, that even thouah
hemodynamic effects can be demonstrated in aimost ail patients, corresponaing
improvement in the stgns and symptoms of heart failure is not necessarily
apparent. Therefore, in patients in'whem digoxin may be difficult to requlate, or
in whom the risk of toxicity may be great {2.9.. patients with unslable renal
function or whose polassium levels tend 1o fluctuate). cautious withdrawal of
digoxin may be considered. If digoxin is discontinued, the patient should be
regularly monitored for clinical evidence of recurrent heart fatture. )

Atrial Filrillation: Digoxin reduces ventricular fate and thereby improves
hemodynamics. Paipitation. precordial gistress. or weakness are relieved and
concomitant congestive failure ameliorated. Digoxin should be cantinued in doses
necessary to maintain the desired ventricutar rafe

Atrial Flutter: Digoxin slows the heart and regular sinus thythm may appear.
Frequently the fiutter fs converted o atriai fibrillation with a controlled
venlricular response. Digoxin treatment should be maintained if atrial
fibrillation persists. (Electrical cardioversion is often ine treatment of choice for
atrial flutter. See discussion of cardiversion in PRECAUTIONS section.}
Paroxysmal Alrial Tachycardia (PAT): Digoxin may convert PAT to sinus
rhythm by slawing conduction through the AV node. If heart failuse has ensued
OF paroxysms recur frequently, digoxin should be conlinued. In infants, digoxin
is usually continued for 3 to 6 monihs after a singlé episode of PAT 10 prevent
Tecurrence

CONTRAINDICATIONS

Uigitaits glycosives are contraindicated in ventricular fibritiation

In 2 given patient. an untoward ellect requinng penmanent discontinualion of
other digitalis preparations usuaily constitules a contraindication to digoxin
Hypersensitivity to digoxin itsell is a contraindication 1o 1ts use. Allergy to
digoxin, though rate, does occur It may not extend to il such preparations.
and another digitalis glycoside may be tried with caution

WARNINGS

Digitalis alone or with othes drugs has been used 1n the treatment of obesity. This
use of digoxin or other digitalis glycosices is unwarranied. Moreover. since they
may cause potentia!ly fatal archythmias or other adverse effects. the use of these
arugs solely for the treatment of obesity 1S dangerous. Anofexia. nausea,
vomiling. and arhythmias may accompany heart laiure or may be indications of
digitatis intoxicanon. Clinicai evaiuation of the cause of these symptoms should
be aktempted before further digitalis adi on. 1n"such ircumstance:
determination of the serum digoxin concentration may be an aid in deciding
whether or not digilalis toxicity is likely to be present 1t the possibitity of digitalis
intoxicalion cannot be excluded. carciac glycosides should be temporarily
withheld. if permitied by the clinical situation

Patients with renal insufficiency require smatler than usual maintenance doses
of digoxin {see DOSAGE AND ADMINISTRATION secticn)

Heart failure accompanying acute glomerulonephritis requires exirems care in
digitalization Relatively low loading and maimntenance doses and concomitant
use of anlihypertensive drugs may be necessary and careful monitoring is
essential. Digoxin should be discontinued as soon as possible Patients with
severe cardilis such as cardibs associated with rheumialic fever or viral
myocardits. are espeeially sensitive to digoxin-induced disturbances of
hythm,

Newborn fants aispiay considerable vanat:ly i their tolerance 1o digoxin.
Premature and immature imfaris are parhculany sensitwe ang g0sage must
not only be reduced but must be ndividuahzed according 1o ther degree of
maturity

Note: Digitaiis gtycosides are an important cause of accigental poisoning in
children

PRECAUTIONS _ B
General: Digoxin toxicity develops more frequently and fasts longer in
patients with renal impairmenit because of the decreased excrenon of digoxin.
Therefoce. it should be anticipated thaf gosage requitements will be decreased
in_patients with moderate to severe renal disease (see DOSAGE AND
ADMINISTRATION section) Because of the protonged hall-life. a longer period
of lime is required to achieve an initial o1 new steady-state concentration in
patients with renal impaifment than in patents with normal renat fungtion.

In patients with hypokalemia. loxicity may occur despite serum digoxin
concentrations within the “normal range.” becavse potassium depletion
sensitizes the myocardium 1o digoxin. Therefore, it is desirable to maintain
normal serum potassium levels in patients being trealed with digoxin.
Hypokalemia may resuit from diuretic, amphotericin B or corticosteraid therapy.
and from diaiys's or mechanical suction of gastiointestinal secretions. It may
also accompany malnutrition, diarrhea. prolonged vomiting; old 4ge. and long-
standing heart failure In general, rapid changes in serum potassium or other
electrolytes should be avaided. and intravenous trealment with potassium should
be reserved for spécial circumstances as descritied below {see TREATMENT OF
ARRHYTHMIAS PRODUCED BY OVERDOSAGE section).

Calcium. particularly when administesed rapidly by the intravenous roule, may
produce seiious arhythmias in dipitatized pafients_Hypercalcemia fromt any
cause precisposes the patient 1o digitahis toxicity. On the other hand,
hypocalcemia can nullity the effects of digoxin in man; thus. digoxin may be
ineflective untit serum calcium is restored to normal. These interactions are
refaled to the lact that calcium affects cantractility and excitability of the heart
in a manner similar to digoxin.

P ORERRESHr Sy Precishase o datals tocily. It o magnesiug sl
Quiniding. . ami propaf i in, i I
and alprazolam may cause a rise in serum digoxin concentration, with the
imptication that digitalis intoxication may result. This rise appears to be
proportional to the dose. The effect is mediated by a reduction in the digoxin
ciearance and. in the case of quinidine. decreased volume of distribution as
well

Tetacychne ang erythromycin (and possibly other macrolide antibiotics) may

HigidLunies i e gui (S0 CLINUAL FImmnuwcoas . Idinceon sy
Recent studies have shown that specific colonic bacteria in the lower
gastrointestinal tract convert digoxin to cardioinactive reduction products,
thereby reducing its bicavailability. Although inactivation of these bacteria by
antibiotics is rapid, the serum digoxin concentration will rise af a rate
consistent with the elimination hall-life of digoxin. The magnitude of rise in
serum digoxin concentration relates to the extent of bacterial inaclivation. and
may he a5 much as wo-fold in some cases. Patients with acute myocardiai
infarction or severe pulmonary disease may be unusually sensitive to digoxin-
induced disturbances of thythm. ) i B

Atrial arthythmias associated with by lic states (e.9.. hyperthyroidism) are
particularly resistant to digoxin treatment. Large doses of digoxin are not
fecommended as the only treatment of these arrhythmias and carg must be taken o
avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin
Tequirements are reduced. Digoxin responses in patients witht compensated thyroid
disease are normal. i ]
Reduction of digoxin dosage may be desirable prior to electrical cardioversion
to avoid induction of ventricular arthythmias, but the physician must consider
the consequences of rapid increase in ventricular response to atrial fibrillation
if digoxin Is withheld 1 1o 2 days prior to cardioversion. If there is a suspiciol
that digitalis toxicity exists. eleclive cardioversion should be delayed. If it is
not prudent to defay cardioversion. the energy level selected should be
minimal at first and carefully increased in an attempt to avoid precipitating
ventricular arthythmias.

Incomplete AV block, especially in patients with Stokes-Adams atfacks, may
progress to agvanced or complete heart block if digoxin is given.

In some patients with sinus node disease (i.e.. Sick Sinus Syndrome). digoxin
may worsen sinus bradycardia or sino-atrial block.

in patients with Wolf-Parkinson-White Syndrome and atriai fibrillation
digaxin can enhance transmission of impulses through the accessory pathway
This effect may fesull in extremely rapid ventricular rates and even ventricular
fibrilfation. )
Digoxin may worsen the outflow obstruction in palients with idiopathic
hypertrephic subaortic stenosis (IHSS). Uniess cardiac failure is severe. it is
doubtiul whether digoxin should be emploved.

Patients with chronic constrictive pericarditis may fail o respond to digaxin. In
addition, slowing of the hedrt rate by digoxin in some patients may further
decrease cardiac output

Patients with heart failure from amyloid heart disease or constrictive
cardiomyapathies respond poorly to treatment with digoxin.

Digoxin is not indicated lor the treatment of sinus tachycardia unless it is
associated with heart failure.

Digoxin may produce false positive ST-T changes in the electrocardiogram
during exercise testing.

Intramuscular injection of digoxin is extremely painful and offers no
agvantages unless other routes of administration are contraindicated.
Laboratory Tests: Patients receiving digoxin should have their serum
electrolyles and renal function (BUN andfor serum creatinine) assessed
periodically. the frequency of assessments will depend on the clinical seiting.
For discussion of serum gigoxin concentrations, see DOSAGE AND
ADMINISTRATION section.

Drup Potassium-depleting 0ds and diuretics may be
major_contributing factors to digitalis toxicity. Calcium, particularly if
administered rapicly by the intravenious route, may praduce Serious arthythmias
in digitalized patients. Quiniding, i

2 an may Cause a rise in serum digoxin
concentration, with the implication that digitalis intoxication may result, Serum
levels of digoxin may be i d by o ! ation of
letracycline and erythromycin (and -possibly other macrolide antibiotics).
f ine and diph ., by d ing qut motility, may increase
digoxin absorption. Antacids, kaciin-peclin, sulfasalazine, neomycin,
oh ine, cerain anti drugs. and may reduce
intestinal digoxin absorption, resulting in unexpectedly low serum
concentrations. There have been inconsistent reparts regarding the eftects of
other drugs on the serum digoxin concentration. Thyrofd administration to a
digitalized, hypothyroid patient may increase the dose requirement of digoxin.
Concomitant use of digoxin and sympathomimetics increases Ihe risk of cardiac
arrhythmias because both enhance ectopic pacemaker activity. Succiny/chofine
may cause a sudden exirusion of potassium from muscle cells and may thereby
cause arrhythmias in digitalized patients. Although B adrenergic blockers or
calciom channel biockers and digoxin may be useful in combination to controt
atrial fibritlation, their additive effects on AV node conduction can result in
complete heart block.
Due to the cansiderable variability of these interactions, digoxin dosage should
be carefully individualized when patients receive coadministered medications.
Furthermore, caution should be exercised when combining digoxin with any
drug that may cause a significant deterioralicn in renal funclion, since this may
impair the excretion of digoxin.
Carcinapenesis, Mutagenesis, impairment of Fertifity:
There have been no long-lerm studies performed in animals to evaluate
carcinogenic potential.
Pragnancy: Teratogenic Effecis: Pregnancy Category C. Animal
reproduction studies have not been conducted with digoxin. It is also not
known whether digoxin can cause letal harm when administered to a pregnant
woman or can affect reproduction capacity. Digoxin should be given to a
pregnant woman only if clearly needed.
Nursing Mothers: Studies have shown that digoxin concentrations in the
mother's serum and milk are similar, However, the estimated daily dose to a
nursing infant will be far below the usual infant maintenance dose. Theretore,
this amount should have no pharmacclogic eflect upon the infant
Nevertheless, caution should be exercised when digoxin is administered to a
nursing woman.
ADVERSE REACTIONS
The frequency and severity of adverse reactions to digoxin depend on the
dose and route of adminisiration, as well as on the patients underlying
disease or concornitant therapies (see PRECAUTIONS section and Sérum
Digoxin Concentrations subsection of DOSAGE AND ADMINISTRATION).
The overall incidence of adverse reactions has been reported as 5 to 20%,
with 15 to 20% of them being considered serious {1 to 4% of patients
receiving digoxin). Evidence suggests that the incidence of loxicity has
decreased since the introduction of the serum digoxin assay and improved
standardization of digoxin tablets. Cardiac toxicity accounts for about one-
halt, gastrointestinal disturbances for about one-iourth, and CNS and other
loxicily for about one-fourth of these adverse reactions.
Adulis:
Cardiac—Unifocal or multiform ventricular premature contractions,
especially in b!ggminal or trigeminal patterns, are the most common
arthythimias associated with digoxin toxicity in adults with heart disease.
Ventricular lachycardia may result from digitalis toxicity. Atrioventricular (AV)
dissociation, acceleraled junctional (nodal) rhythm, and atrial tachycardia with
block are also common arrhythmias caused by digoxin overdosage.
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV
g:uct {Wenckebach) of increasing degree may proceed to complete heart
ock.
Note: The electrocardiogram is fundamental in determining the presence and
nature of these cardiac disturbances. Digoxin may also induce other changes
in the ECG (e.g., PR prolongation, ST depression), which represent digoxin
effecl ang may or may not be associaled with aigitalis 1oxiciy.
Gastroimtestinal—Ancrexia, nausea, vomiting, and less commonly diarrhea
are common early symploms of overdosage. However, uncontrolied heart
failure may aiso produce such symptoms. igitalis toxicity very rarely may
cause abdominal pain and hemarrhagic necrosis of the intestines.
CNS—Visual disturbances (blurred or yellow vision), headache. weakness.
diziness, apathy, and psychosis can nccur.
Other—Gynecomastia is occasionally observed. Maculopapular rash or other
clin ronstinne ara raraly served,
Intants and Children: Toxicily differs trom the adulf in a number of respects.
Anorexia. nausea, vomiting, diarrhea, and CNS disturbances may be present
but are rare 3s initial symptoms in infants. Cardiac arhythmias are more
Teliable signs of toxicity. Digoxin in children may produce any arrhythmia. The
most il d are ¢ ion di 85 oF icular
tachyarrythmias, such as atrial tachycardia with or without block and junctional
{nodal) ‘tachycardia. Venlricular amhythmias are less common, Simus
bradycardia may also be a sign of impending digoxin intoxication, especially
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alteration in cardiac conduction that develops in a child taking digoxin should
initially be assumed to be a consequence of digoxin intoxication.
OVERDOSAGE

Treatment of Arrhythmias Prod by

Aduits: Digoxin should be discontinued until all signs of toxicity are gone.
Discontinuation may be all that is necessary if toxic manifestations are not
severe and appear only near the expected time for maximum efiget of the drug.
Correction of faclors that may contribute to toxicity such as electrolyte
disturbances, hypoxia, acid-base disturhances, and removal of aggravating
agents Such as catecholamines, should also be considered. Polassium saks
may be indicated. particularly it hypokalemia is present. Polassium
administration ' may be dangerous in the sefting of massive digitalis
overdgsage (see Massive Digitalis Overdosage subsection below).
Potassium chloride in divided oral doses totaling 3 1o 6 ?rams of the sait (40
to 80 mEq K+) for adults may be given provided renal function is adequate
(see below for potassium recormendations in Infants and Children).

When correction of the arhythmia is urgent and the serum potassium
concentration is iow or nermal, ium shouid be admini i I

Surface area, £ 3 y serum creain nlrations (Sor) are
available, a Cer (corrected to 70 g body weight) may be estimated in men as
{140 - Age)/Scr. For women, this result should be muttiplied by 0.85.

Note: This equation cannot be used for estimating creatinine clearance in
infants or chitdren.

A common practice involves the use of Lanoxin Injection to achieve rapid
digitalization, with “conversion to Digoxin Tablets or Lanoxicaps for
maintenance therapy. If patients are Switched from intravenous to ofai digoxin
formulations, allowances must be made for differences in bioavailability when
calcufating maintenance dosages (see table, CLINICAL PHARMAGOLOGY
section).

Adults—&radial Digitatization with 3 Maintenance Dose: The
following table provides average Digoxin Tablet daily maintenance dose
requllrfemelrgts for patients with heart fatlure based upon lean body weight and
renal function:

Usuat Digoxin Daily Maintenance Dose Requirements (ug)
For Estimated Peak Body Stores of 10 pg/kg

in 5% dexirose injection. For adults, a total of 40 to 80 mEq {diluted 10 3
concentration of 40 mEq per 500 mL) may be given at a rate not exceeding 20
mEq per hour, or slower if limited by pain due to local imitation. Additional
amounts may be given if the arrhythmia is uncontroiled and potassium well
tolerated. ECG monitoring shiould be performed to watch for any evidence of
potassium toxicity (e.g., peaking of T waves) and ta observe the effect on the
arthythmia. The infusion may be stopped when the desired elfect is achieved,
Note: Potassium should nat be used and may be dangerous in heart black due
to digoxin, unless primarily related to Supraventricular tachycardia.

Qther agents that have been used for the treatment of digowin intoxication
include lidocaine, procainamide. propranoiol, and phenytoin, althaugh use of
the latter must be considered experimental, In advanced heart biock, atropine
and/for temparary”ventricular pacing may be beneficial. Digibind, Digoxin

Lean Body Weight (kg/lbs)
501110 60132 70/154 80/176 90/198 100/220

2. inappropriate setum sampling time.

3. Administration of a digitalis gtycoside other than digoxin.

4. Conditions (described in WARNINGS ang PRECAUTIONS sections)
causing an alteration in ths sensitivity of the patient to digoxin.

5. The palient falls outside the norm in his response to or handfing of
digoxin. This decision should only e reached after exclusion of the
other possibilities and generally Should be confirmed by additional
correlations of clinical observations with serum digoxin concentrations
The serum cancentration data should always be interpreted in the
overali clinical context and an isolated serum concentration value
shouid not be used alone as a basis for increasing of decreasing
digoxin dosage.

of Mai Dosage in Pr ly Digitali

Patients:

Digoxin Tablet maintenance doses in ingividual patients on steady-state
digoxin can be adjusted upward or downward in proportion ta the ratio
of the desired versus the measured serum concentration. For sxampie,
a patient at steady-state on 125 g (0.125 mg) of Digoxin Tablets per
day witha SErum ¢t tion of 0.7 ng/mL, should have the

0 83t 125 125 125 188t 188 2
0 1% 125 125 188 188 188 19

>

20125 125 188 188 188 250 16
Comrected 30 125 188 188 188 250 250 14 Number of
Co 40 125 183 188 250 250 250 13 Days
(mtmin 60 188 188 a0 20 250 250 12 Before
pur70kg) 80 183 188 30 bl 250 375 11 Steady-State
7018 250 30 250 250 375 10 Achieved
80 18 250 80 "0 3 359
90 188 250 250 250 375 500 8

100 250 2% 280 375 375 500 7

immune Fab (Oving), can be used to reverse potentially life-threatening
digoxin (or digitoxin) intoxication. Improvement in signs and of
digitalis toxicily usually begins within 1/2 hour of Digibind administration,
Each 38 mg vial of DIGIBIND will neutralize 0.5 mg of digoxin {which is a
usual body store of an adequately digitalized 70 kg patient).

lofants and Chitdren: Ses Adult section for genera! recommendations fof the
treatment of archythmias produced by d and for cautions regarding
the use of potassiun. If a potassium preparation is used to Ireat toxicity, it may
be given orally in divided doses totaling T to 1.5 mEq K+ per kilogram (kg) body
weight (1 gram of potassium chioride contains 13.4 mEq K+)

When ian of the arrhy with ium is urgent, approximately 0.5
mEq/kg of polassium per hour may be given intravenously, with careful £CG
monitaring, The intravenous solution of potassium should be dilute enough to
avoid local irritation; however, especially in infants, care must be taken to avoid
intravenous fluid overload.

M. . Tife

630 =0.063mg
1172 0f 125 pg tablet or 125 g every other day
$ 1172 01 125 g tablet.

Example—based on the above table, 2 patient in heant failure with an
estimated lean body weight of 70 kg and a Ger of 60 mi/min, should be given
250 pg (0.25 mg) Digoxin Tabiet each day, usually taken after the morning
meal. Steady-slate serum conc fans should mot be antici vefore 11
days.

Infants and Children: Digitalization must be individuatized. Divided daily
dosing is recommended for intants and young children. Children aver 10 years
of age require adult dosages in proportion to their hody weight.

Massive Digitalis 0 Mani ing toxicity

include severe ventricular arrhythmias such as venfricular tachycardia or

ventricular fibritfation, or progressive bradyarrhythmias Such as severe sinus

bradycardia or second- or third-degree heart block not responsive to atropine.

An overdosage of more than 10 mg of digoxin in previously healthy adults or 4

mg in previously healthy children or overdosage resulting in steady-state serum

concentrations greater than 10 ng/mL, often resuils in cardiac arvest.

Severe digitalis intoxication can cause life-threatening elevation in serum

potassium concentration by shifting potassium from inside to outside the celi

resulting in hyperkalemia. A on of i I in the

setting of massive intoxication may be hazardous.

Digibind, Digoxin Immune Fab (Ovine), may be used at a dose equimolar to

digoxin in the body to reverse the effects of ingestion of a massive overdose.

The decision to administer Digibind before the onset of toxic manifestations

wt;u d)epend on the likefinood that fife-threatening toxicity will occur (see

above).

Palients with massive digitalis ingestion should receive large doses of

activated charcoal to prevent absorplion and bind digoxin in the gut during

enteroenteric recirculation, Emesis or gastric lavage may be indicated

especially il ingestion has occurred within 30 minutes of the patienl’s

presentation at the hospital. Emesis should not be induced in patients who

are obunded. If a patient presents more than 2 hours aftér ingestion or

already has toxic manifestations, it may be unsafe to induce vomiting or

attempt passage of a gastric tube, because such maneuvers may induce an

acute vagal episode that can worsen digitalis-toxic arthythmias

DOSAGE AND ADMINISTRATION

Recommended dosages are average values thal may require

considerable modification because of individual sensitivity or

associated conditions. Diminished renal function is the most important
_ factor requiring modification of recommended doses

In deciding the dose of digoxin, severat factors must be considered

1. The disease teing treated. Atrial arrhythmias may require larger doses than

heart failure.

2. The body weight of the patient. Doses should be calculated based upon lean

or ideal bocy weight.

3. The patient’s renal function, preferably evatuzled on the basis of creatinine

clearance.

4. Age is an important factor in‘infants and children.

5. Concomitant disease States. drugs. or other factors hikely to alter the

expected clinical response to digoxin (see PRECAUTIONS and Drug

Interactions sections}.

Digitalization may be accomplished by either of two general approaches that

vary in dosage and frequency of administration, but reach the same endpoint

in terms of tofal amoun{ of digoxin accumulated in the body.

1. Rapid digitalization may be achieved by administering a loading dose baseg

upon projected peak body digoxin stores, then calcuiating the maintenance

dose as a percentage of the inading dose.

2. Mote gradual digilalization may be obtained by beginning an appropriate

maintenance dose, thus allowing digoxin body stores 10 accumulate slowly

Steady-state serum digoxin concenltrations will be achieved in approximately

five hali-tives of the drug for the individual patient. Depending upon the

patient's renal function, this wil! lake between 1 and 3 weeks.

Adults:

Adults—Rapid Digitalization with a Loading Dose. l;’eatg body digoxin

Usual Digitalizing and Maintenance Dosages lor Digoxin Tablets
in Children with Normat Renal Function Based on Lean Body Weight

Digitalizing* Dailyt Maintenance
Age Dose (ug/kg) Dose (ug/kg)
2105 Years 301040
510 10 Years 201035 251 35% of oraf loading dose}
COver 10 years 1010 15

" LV digitatizing doses are 80% of oral digitalizing doses,
t Drvgded daily dosing is recommended for chifdren under 10 years of age.
1 Projected or actuat digilalizing dose providing clinicat fESPONSE.

In the newborn period. renal ciearance of digoxin is diminished and suitable
dosage adwsiments must be observed. This is especially pronounced in the
premature infant. Beyond the imimediate newbor period, ehildren ceneratly
fequire proportionally larger doses than adults on the haois OF ody weight or
body surface area
Lanoxin Injection Pediatric can be used to achieve rapid digitalization, with
conversion to an oral digoxin formulalion for maintenance therapy. if patients
are switched from intravenous to oral digoxin tablets or elixir, allowances must
be made for ditterences in bioavailability when calculating maintenance
dosages (see bioavadability tabie in CLINICAL PHARMACGLOGY section and
dosing table above)
Intramuscular injection of digoxin is extremely painful and offers no
agvantages unless olher routes of administration are contraindicated.
Digitalizing and daily maintenance doses lor each age group are given above
and shoutd pravide therapeutic eflect with minimum risk of toxicity in mast
patients with heart failure and normal sinus rhythm. Larger doses are often
required far adequate control of ventricular rate in patients with atrial flutter or
fibrifiation
The loading dose should be administered in several portions, with roughly half
the total given as the first dose. Additional fractions of this planned total dose
may be given at 6 to 8 hour intervals, with careful assessment of clinical
response before each additional dose. If the patient’s clinical response
necessitates a change from the calculated dose of digoxin, then calcuiation of
the maintenance dose should be based upon the amount actually given.
{See third table above.)
More gradual digitalization can also be accompiished by beginning an
appropriale maintenance dose. The range of percentages provided above can
e used in calculating this dose for patients with normal renal funclion. tn
children with renal disease. digoxin dosing must be carefully litrated based
upon clinical response
Long-term use of digoxin is indicated in many children who have been
digitatized 101 acule heart lailure. unless the cause is transignl. Children with
severe congenital heart disease, even after surgery, may require digoxin for
peotonged periods
it cannot be overemphasized that both the adult and pediatric
dosage gpuidelines provided are based upon average patient
and 1 indivi tan he
ingly, ultimate dosage seleclion must be based upon clinical

stores of 8 10 12 pg/kg should provide effect wi risk of
toxicity in most patients with heart failure and normal sinus thythm Larger stores
{10 to 15 pg/kg) are often required for adequate control of ventricular rate in
patignts with atrial flutter or fibrillation. Because of aitered digoxin distribution
and elimination, projected peak body stores for patients with renal insufliciency
should be conservative (i.e., 6 to 10 ug/kg) (see PRECAUTIONS section].

The toading dose should be based on the projected peak body slotes and
administered in several portions, with roughiy hail the total given as the first
dose. Additional fractions of this planned total dose may be given at 6 10 8 hour
intervals, with careful of clinical betfore each
additional dase.

If the patient’s clinical response necessitates a change from the calculated dose
of digoxin. then calcutation of the maintenance dose should be based upon the
amount actually given.  ~

In previously undigitalized patients, a single initiai Digoxin Tablet dose of
500 to 750 pg (0.5 to 0.75 mg) usually produces a detectable effect in 0.510
Z howy lhal Ugcurnes (1axingi I8 2 v 6 huurs. Additional doses ul 125 10
375 g (0.125 to 0.375 mg) may be given cautiously at 6 to 8 hour intervals
until clinical evidence of an adequate effect is noted. The usual amount of
Digoxin Tablets that a 70 kg patient requires 1o achieve 8 10 15 jg/kg peak
body stores is 750 to 1250 ug (0.75 t0 1.25 mg).

Although peak body stores are mathematically related to 10ading doses ang
are utilized to calcuiate maintenance doses. they do not correlate with
measured serum concentrations. This discrepancy is caused by digoxin
distribution within the body during the first 6 to 8 hours foliowing 2 dose.
ST CONCEIFAUVID Ular during thic tima nra tawably sl iisturpsutuwbi,
The mainfenance dose should be based upon the percentage of the peak body
stores iost each day through elimination. The foflowing formula has had wide
clinical use:

Maintenance Dose = Peak Body Stores {i.e.. Loading Dose) x %_D%%%_Lgsg
Where: % Daily Loss = 14 + Cct/5

assessment of the patient.

Serum Digoxin Concentrations: Measurement of serum digoxin
concenrations ¢an be heipful to the clinician in determining the stale of
digitalization and in assigning cerlain probabilities to the liketihood of
digoxin inloxication. Studies in adults considered adequately digitalized
(without evidence of toxicity) show Ihat about two-thirds of such patients have
sefum digoxin levels ranging from 0.8 to 2.0 ng/mL. Patients with atriat
fibritiation or atrial flutter require and appear to tolerate higher levels than do
patients wilh other indications. On the other hand, in adult patients with
clinical evidence of digoxin toxicity. about two-thirds will have serum digoxin
levels greater than 2.0 ng/mt. Thus, whereas levels less than 0.8 ng/ml are
Infrequently associated with toxicity, levels greater than 2.0 ng/ml are often
associated with toxicity. Values in between are not very helpiul in deciding
whether a cerlain sign or symptom is more Iikely caused by digoxin toxicity
of by something efse. There are are palients who are unadle 1o lolerate
digoxin even at serum concentrations below 0.8 ng/mL. Some researchess
suggest thar tnfants and young children tolerale siightly higher serum
concentrations than do aduits

To aliow adequate time for equilibration of digoxin between serum and tissue,
sampling of serum concentrations for clinical use should be at
least 6 to 8 hours after the last dose, regardless of the route of

aoministration or formulation used. On a twice-Gaily dosing schedule, there
Will D& ONly MIRDT ORIEIEHLED 1 earm Aigasin semaoniiativie wiutii

sampling is done at 8 or 12 hours after 2 dose. After a single daily dose, the
concentration will be 10 t0 25% lower when sampled at 24 versus 8 houts,
depending upon the patients renat function. Ideally, sampling for assessment
of steady-state concentrations shoutd be done just before the next dose.

If a discrepancy exists between the reported serum concentration and the
observed clinical response, the chinician should consider the folowing
possibilities:

dose increased to 250 pg (0.25 mg) per day to achieve a steady-state
serym concentration of 1.4 ng/mL. assuming the serum digoxin
concentralion measurement is carrect, renal function
remains siable during this time, and the needed adjustment
is not the result of a problem with compliance.

Dosage Adjustment When Changing Preparations: The
ditference in bicavailability between injectable Lanoxin or Lanoxicaps
and Lanoxin Elixir Pediatric ‘or Digoxin Tablets mus! be considered
when changing patients from one dosage form to anothar.

Lanoxin Injection ang Lanoxicaps doses of 100 ug (0.1 mg) and 200 pg
(0.2 mg) are approximately equivalent to 125 ug (0.125 mg) and 250
g (0.25 my) doses of Digoxin Tablets and Lanoxin Elixir Pediatric (see
table of CLINICAL PHARMACOLOGY section). Intramuscular injection
of digoxin is extremely painful and offers no advantages unless other
toutes of administration are conlraindicated.

lsul)wm at 15° t0 25° C (59 to 77° F) in a dry place and protect from
ight.

HOW SUPPLIED

DIGOXIN TABLETS, Scored 125 ug (0.125mg): Bottles of 100 (NDC
§1285-914-02), 1000 {NDC 51285-814-05), imprinted o 914 (white).
DIGOXIN TABLETS, Scored 250 pg (0.25mg): Bottles of 100 (NDC
51285-915-02), 1000 (NDC 51285-915-05), imprinted dy 915 (white).
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By: JEROME STEVENS PHARMACEUTICALS, INC.
Bohemia, NY 11716 USA
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DIGOXIN TABLETS

125 ug (0.125 mg)

Scored 1D Impnnt & 914 (yeilow)
250 1z 10 25 mg)

Scored 1 0. 1monint oy 915 jwinie

DESCRIPTION

Digoxin 15 one of e caraiac {or digitahs: Glycosides. a closely retated
groug of 2rugs naving 1n COMMON spectbic Stects an the myocargiim
These grugs are found in 3 numpder of plants. Digoxih :s extractec from
“ne ieaves ot Digilans fanala, Tne term "3(Qitals iS used o designate
the whoie group. The giycosides are comoosed of two porions. a Sugar
ang 3 cargenoide (nence "giycosides”)

Digoxin has the moiecutar tormuiz €, H.,0.,. 3 motecular weignt of
780.95 and meiting and decomposition coints above 235°C. The grug
1§ practically insotuble in water ang in ether; slightly soiole’in diuted
150%) alcoho! and 1 chioroiorm: ang ireely soiwble in pyrding
Oigaxin powder is composed of 000ress white crystals.

Digown has the chemical name: 3B-i((-2.6-dideoxy-B-D-ribo-
nexopyranasyl-(1-+4)-0-2.6-dideoxy-B- 0-ribo-nexopyranosyl-

B U T S

Sl ew T Tavrolow

antered by arge .,nanoes ol s weaqm. s nat s ion Space

correiates best wilh iean (10631} bOOY weight. N0t 10tal BOGY weight
Pharmacologic Response—Tre approximate imes 10 onset of effect ang

10 peak effect of att *he Digoxn Orenarahans are qiven :n the folowing tante

et
prAiilie 13Ct Convernt ~xr,'c:m ) ‘arcv"mac.. ..s:ClICn Jr0ucts
'rem)y 180UCING 1S DICaVAIIADIIY AlthougR activalion OF Mhesi Sacten By
INUBICHCS 5 A0 Te sefum Igoxa CORCERALE” Wt "ise 3t 37
SInSstent wth the. hmination =ait-ife 9t digoxn The TaGmIuCe Jf fise N
SEIUM 3IGOXA CONCENIrANON 'EINES 10 the oxtent 3t Satiar.a ~actvalor 370

TIME TO ONSET TIME 10 3y 38 35 TLL™ 35 WC-id 0F 308 TASES P3nants wih ACuTe MYGCarSI
ot o o TMAICHON OF SEVEre DUITICNATy 3:SEaSE MaY DB JRUSLALY SERSIVE 1 Jigex -

PRODUCT OF EFFECT PEAK EFFECT' nauced 5t mynm
Digoxin Tabiets -2 Mot 2.6 hy Airial arrythmias associaled with nypermergboiic Stales 2 3 ypermyra:aism are
Lagglm Elixir gfg ﬁg:; 5 Zhgu:s cancuiany -esislart o igoxn reatment Large 1056" 3 sigexin are not
§ M 23 70uis *2CoMmEnceq 35 e ety lreatment of Mese ArMYINMIas ang are st b aken 1
Lanowun injecticn/i At 3.3-2 nours 2-6 mours V00 IGxiCHY 1 1arge J0Ses Cf 150Xif ard r2quired) N WROINVIGIBIST e Jigonin
Lanown Imections! ¥ 5-30 minutes * 1.4 nours “2QUITBMENTS a1e Ta2uced Digowin "eSO0Nses 1 DANieNts with SITOensates hyroid

1anoxicaps Caosutes 95-2 nours 2.6 nours '5ease A€ “0fmd

*Documented for ventricular feSpOnse fate 1n alnat rilghon. -Aotr3Cic amect.
ang electrocaraicgrapnic changes.
Decenaing upon rate ol infusion

Excration—Eminaticn of GigTXn *2iCWS MISI-3AJEN <INENCS 1At 3 e
Quantity of igoxin ehiminateg 3t any nme 1§ Jraporhignat to tne 1otal Doy
content). Fallowing intravencus adminisiration 10 NOMMal Sudiects 50 19 70%
af 3 gigoxin ‘aose 5 excreted uncnanged in the uring Renai 2xcrenon of
J:goxin 1S Progortionat 1o glomerular **ration <ate and - argety .ncependent
of uring fiew. In SubECIS with aormal venar function. Bigexin hias a natt-ite of
1516 2.0 days The nait-life 1n anunc patients s oroiongea to 4 1o 6 days.
Digoxin 15 not efectively removeg t:am the dody Dy Giaysis 2xCnange

or guring y Dy-Dass Decause most of the Jrug «s 0
tissue ratner than circulating in tne dioed
INDICATIONS AND USAGE

Heart Fallure: The increased cardiac aulput resuitng rom the .nolooic
action of digoxin ameiiorales the CISIUIDANCES charactenstic of nean fauure
(VENGUS Congestion. edema. Cyspnea. d7thopnea. ang cardiac asthmal

Digoxin 15 more effective in “low sutout” (pump) failure than i gk output”
neart lailure secondary (0 arterrovenous histuta. anemia, nfection. of

(1—4)-2 6-dideoxy-B-0-ribo Joxyl-12B. 14-dihydroxy
5f-card-20122)-enclide. and the structure Shown

Digoxin Tavlets with 125 g (0.125 mg) or 250 ug (0.25 mg) digoxin
USP are intended for orat use. Eacn tabiet contains ihe labeled amount
of digoxin USP

ln%ctwo ingredients:
Ul mg ramets—com Starch. pregeralinizes staren. steanc aciy,
lactose. magnesium Stearate, and D&C yeliow #10.
0.25 mg tabiets-corn stareh, peagelatinized starch, stearic acid, (actose
ang magnestum stearate,
CLINICAL PHARMACOLOGY
Mechanism of Action: The intiuence of digitalis giycosides an the
myocardium is dose related and invoives both a direct action on cardiac
muscte and the speciatized conduction System. and indirect actions on
the cardiovascular system megiated by the autonomic nervous system,
The indirect actions mediated by the autonomi¢ nervous system invoive
action, which is for the effects of digilalis on
tne ‘sno-atnal (SA) and atrioventricular {AVY nodes: and &is0 &
atoreceptor sensitization which results in wicreased carotid sinus
nerve activity and enhanced sympathetic withdrawat for any given
1ncrement in mean arteriai pressure. The pharmacologic consequences
of these direct and indirect etfects are; 1) an increase in the force and
velocity of myocardial Systolic contraction (positive inotropic action); 2)
4 slowing of heart rate {negative chronotropic etfect): and 3) decreased
conduction velocity through the AV node. In higher doses. digitaiis
increases sympathetic cutfiow from the central nervaus system {CNS)
10 both cardiac and peripheral sympathetic rierves. This increase in
sympainetic activity may be an important factor in digitaiis cardiac
toxicity. Mast ot the exlracamnac mamiestations ot digitalis toxicity are
also mediated by the
Phlrmuutlnmu:
Pl

of digoxin is a passive
process. Absarption of digoxin from the Digoxin tabiet fosmulation has
been demonstrated to be 60 to 80% comolete compared to an identical
intravenous dose of cigoxin (absolute bioavailability). When gigoxin
tablets are taken atter meais. the rate of absorption 15 stowed, but the total
amount of digoxin absorbed is usually unchanged. When taken wilht
meals high in bran fiber. however. the amount absorbed from an orat dose

may be reduced. Companson of the systemic availability and equivatent ~ Chil

doses for digoxin oreparations are shown in the foilowing tabie:

ABSOLUTE EQUIVALENT D0SES
PRODUCT BICAVAILABILITY N ME*)
Digoxin Tablet 60-80% 0125 025 05
Lanowin Elixic 70-85% 0125 025 0S5
Lanoxin injection/]. M. 10-85% 0125 025 05
Lanoxin inyection/1.V. 100% 0t 02 04
Lanoxicaps® Capsules  90-100% 01 02 04
*1mg = 1000 pug

In some patients. orally administered Gigoxin. is converted 0

cardioinachve reduction progucts (e... ditydrodigoxin) by colonic
bacteria in the gut. Data sugges! that one in ten patients treated with
digoxin tabtets will degrade 40% or more of the ingested dase.

i oltowing drug i ion, 3 6 t0 8 hour
distribution phase 15 observed. This is followed by a much more
gradual serum concentration decline. which 15 dependent on digoxin
eliminglion from the body. The peak height and slope of the early
portion {absorption/disiribution phases) of the serum concentration-
time curve are dependent upon the route 'of administration and the
absorption charactenstics of the formufation. Clinical evidence
indicates that the early high serum concentrations do not refiect the
concentraton of digoxin 3t its site of action. but that with chronic use,
the steady-state post-distribution serum levels are in equilibrium with
lissug levels and correfate with effects. In

patients. these post-gistribution serum concentrations are_linearly
related lo maintenance dosage and may be useful in evaiuating
therapeutic and toxic efiects (see Serum Digoxin Concentrations in
DOSM;E AND ADMINISTRATION section).

Digouin i5 concentrated in tissues and herefore has a large apparent
volume of distribution. Digoxin crosses both the biood-brain barner

Digoxin 15 usuatly continued afler failure 1S Controtieq. uniess some known
precipuating lactor is corrected. Stuties nave SNOWD however. that even though
effects can be n aImast all patients. CCrresponaing
improvement 1n the Signs ang Symplams of heart lailure 15 not necessanly
apparent. Therefore, in patients in whom digaxin may be difficult 1o reguiate. or
in whom the risk of toxicily may be Qreat (e.g.. patients with unstabie renat
tunction or whose potassium leveis tend to fluctuate). cautious windrawal of
digoxin may be considered. If digowin is discontinued, the panent shouid be
reguiarly monitared for clinical evidence of recurrent heart failure
Atrial Fibmmlor Digoxin reduces ventncutas rate and therety imoroves
ial gistress, or weakness are reneved angd
concomitant conowm tailure ameliorated, Digoxin shouid be confnued in doses
necessary to maintain the desired ventricutar rate.
Atrial Flutter: Digoxin slows the heart and regular sinus mymm may appear.

AEuCt.on O DIGTHIN JESAGE ™AV B8 Zes.1aie DCY I QL L JATII0VerS0n
3 V00 OUCRSN F ventrLyiar A VIhmas But the DMySi.an m
£ C3NSeQuences Xt 1aCic \IIBASe .5 venlnCyar fSEGNSE 10 alr

«a GOXIN 'S withDele § 10 ¢ 3ayS Or1Or IS cardioversian If *here S 2 su50:C

3l digans 1eacily 2KiStS € Card.oversion snquid de geidved K ! ns
a0t argoent %o aeidy SAIOIOVErSIOn M@ 3nergy evdr sgiRCied sngud D6
minimat at hiest ang Caretuiiy «NCIEases :n an atlemot 13 aveid Drecipuanng
ventricuiar annythmias,
neompieie AV DIOCK eSpeciaily i patients win Sickes-Acams 3uacks. may
31GQ1ess 0 a0vancea of CCmpiete Bedrt TIGCK 't SiGoXIT 'S Jiven
i S0Me patients witn 10U 100 BiSease (- 2. Sick Sinus Syrarome). 2:goxin
My WOrSER SINUS DIAOYCANGIE ST Sif0-atniar 200K
In patients wah Wolft-Parinsar-White Syngreme ang ainias nibr anon.
2ig0xN Can ennance transmissiCh ol :MpuiSes Mrougn the CCessory Jatm
Tris efféct may Tesit in xtremery rADIC ventnicingr rates and ever versrsiiar
Hpnlahon
Owgoxin may worsen’ the outliow JDSITUCHON 1 patients with «g:Coathic
WOEMTOPMC SULADMIC §12N0%IS 11HSS) Uniess caroidc failure S severe. i 'S
Goubttul wnether gigoxin' Shouls be empioved
Patients with ChrOnIC CONSIrICtve DENCARIINS May fail {0 respond 1o digoxen In
agaiicn stowng of the heart rate by SIGOXIN i SOME patents mav turther
decrease caroiac output.
Patents with heart tallure from amyloid heart Gisease df Zonstrictive
cargiomyopathies respang poorly 10 treaiment with aigoxin
Oigoxin s not :nciicated for the treatment of sinus ‘achveardia uniess 4 'S
associated with heart failure
Digoxin may produce faise positve ST-T changes 'n iNe siectrocargiogram
duning exercise lesting
Irtamuscular snjechion ot dgoxin is extremely pamtui ang offer. a0
advantages uniess other routes of aoministration are cantraindicated.
Laboratory Tests: Patients recewing digoxin shouid nave therr ser m
electrolyles ang renal function (BUN andior serum creatinine) asses

 the i of will depend on the clinical sethin

For discussion of serum digoxin concentrations. ‘see 00SAGE AN,

ADMINISTRATION section. s

Dmc Intaractions: Potassium- -0eQIEting commicostergids ana diuretics May be
major contributing factors to digitahs toxicity. Calcwm. pamcusarly f =

Frequently the flutter is to atnal th a

Digoxin should be it amnal
tibrillation persists. (Elecmcal cardioversion is oiten the treatment of chorce for
ainal flutter. See discussion of cardicversion in PRECAUTIONS section.)
Paroxysmal Atrial Tachycardia (PAT): Digoxin may covent PAT to sinus
thythm by siowing conduction Iirough te AV node. if heart farfure has ensued
of paroxysms recur frequently, digoxin should be continued. in intants. digoxin
is usually continued for 3 tc 6 months aiter a singte episade of PAT to prevent
recurrence.

1apidty by the i foule. may oroduce Serious arrhyhmias

n digualized patients. Quimidine,
ndomethacin, ilraconazole andg alprazoiam may cause 3 rige i serum digoxin
with the i ion that digitalis may resull. Serum

levels of digoxin may be increased by concomiant administration of
tetracychine and erythromycin (and possidly other macronde antibiotics).
nd jate. by g gut motdity, may increase
_ Antacids, kaohn-pecti . neomycin.

, certain anti drgs. and met may redute
intestinat ~ digoxin  absorption. resumng 1 unexpectedly low serum

digoxin

CONTRAINDICATIONS concentrations. There have been inconsistent reponts regarding the effects of
Digitals glycosides ate tortraindicatéd w ventnicuar fibrillation other drugs on te serum digoxin ¢ Thyroid 03
In a given patient, an untowarg eflect reaumng ionot ¢ T orc) %uen‘t’may lwm?)n“ the dose reau;rmem I?f ‘rllg:)&un
ather digitalis usually 10 digoxin. igoxin and sympathomimetics increases tne risk of cardiac

because both ennance ectopic pacemaker activity. Succinyichoime

Hypersensitivity to digoxin itselt is 3 contramumuon 10 its use. Allergy to
digoxin, though rare. does oceur. it may not extend to all such

may Cause a sudaen exlrusron of potassium from muscle ceils and may theredy

ana another digitalis glycoside may be tried with caution.

WARNINGS

Digitatis alone or with other arugs has been used in the tieatment of odesity This
use of digoxin ar other digitalis giycosides is unwarrantéd. Moreover. 5ince they
Mmay cause potentiatly fatat arrhythmias o other adverse effects. the use of these

drugs solely for the treatment of obesily is dangerous. Anorexia. nausea.

vomiting. and as ias May accomparny heart faiture or may be indications of

- digitalis intoxication. Clinicat evatuation of the cause of these symptoms should
be attempied

hefore further diialis agmumstration. In' such circumstances
determination of the serum digoxin concentration may be an aid n deciding
whether or nat digitalis toxicity s ikely to be present. if the possibility of digrtalis
infaxication cannot be excluded. cargiac glycosides Should be temporanly
withheld, if permittad by the clinicat situation.
Patients with renat insufliciency require smalier than usual maintenance dases
of digaxin (see DOSAGE AND ADMINISTRATION section).
Heart failure accompanying acute giomerulonephritis requires extreme care in
digitalization. Relatively low foading and maintenance doses and concomitant
use of antihypertensive drugs may be necessary and careful moniariag is
essential. Digoxin should be discontinued as soon as possible. Patients with
severe carditis, such a5 carditis associated with theumatic fever or wiral
mm;?hmrdilis. are especially sensitive 1o ‘digoxin-induced disturbances of

m.

Newborn infants dispiay considerable variability in their toierance to digoxin.
Premature and immature infants are particularly sensitive. and dosage must
not only be reduced bul must be ingividualized according to therr degree of
maturiy,

Note: Digitaiis are an cause of i in
iidren.

PRECAUTIONS

.. General: Digoxin toxicity develops more fvequemty ani lasts longer in

mxm with renal impairment because of the decreased excretion of digoxin.
fore, it should be anticipated that dosage reguirements will be decreased
n-patients with moderale 10 Severe renai disease (see DOSAGE AND
ADMINISTRATION section). Because of the profonged half-iife, a tonger period
of time is required to achieve an imtial or new steady-state conceniration in
patients witht renal impairment than in patients with normal renal tunction.
in patients with hypokalemia. toxicity may occur despile serum digoxin
concentrations within the “normal range,” because polassium depietion
sensilizes the myocardium to digoxin. Therefore, it 15 desirable to maintain
normal sarum potassium levels in patents being treated with digoxin.
Hypokalemia may result from diufetic, amphotericin 8 or corticosteroid therapy.
ang from diatysis or mechanical suction of gastraintestinal sectetions. it may
also accompany mainutrition, diarrhea. pralonged vomiting, ofd age. and long-
standing heart faiture. -In general, rwrdcfmgesmscnmwasmmmm
eiectrotytes should be avoided. and intravenous treziment with ool
e %M circumstances as described nem (see TREATMENT OF
ARRHYTHMIAS PRODUCED BY OVERDOSAGE secti
Caicium, panticularly when agministered rapidly by me mvavencus roule, may
produce serious amfymmlas in digiaiized patients. Hypercalcemia from any
cause predisposes the patent (0 digitalis loxicity. On the other hand,
hypocaicemia can nullify the eftects of digoxin in man; thus, digoxin may be
ineffective until serum calcium’is restored to normal. These interactions are
refated to the fact that calcium affects contractility and excitability of the heant
in a Mmianner simitar 1o digoxin.
Hywmgmmla may pregispose 10 digitalis loxlcny if low magnesium fevels
are detected in a patient on digoxin, replacement therapy should be instituted.
Quinidine, verapamil. amiodarone. propafenone. indomethacin. traconazole.
ang alprazolam may Cayse a rise in serum digoxin concentration. with the
implication that digitalis intoxication may result. This rise appears 1o be
proportional to the dose. The etiect is mediated by a reduction in the digoxin
3.,«“"“ and, i the case of Quinidine, decreased voiume of distribution as

Tetracycling and erythromycin (and possibly other macrolide antibiotics) may

pauents. Although B adrenergic diockers or
ca!cxum channel blockers and digoxin may be useful in comination to contro!
atnal libnitation. their additive eflects on AV node conduction can result in
compigte heart biock.

Due to the considerable variability of these interactions, digoxin 0osage should
be carefully ndiwiduaiized when patients recewe coadministered medications.
Furthermore. caution should be exercised when combiming digoxin with any
drug that may cause'a significant deterioration i fenai funclion. since this may
impait the excretion of digoxin

Carcinoganesis, Mulagenssis. Impairment ot Fertility:

There have been no long-term studies performed in amimals to evaluate
carcinogenic polentiat.

Pragnancy: Teratogenic Effects: Pregnancy Category C. Amimal
reproduction stugies have not been conducted with digoxin 11 1S also not
known whether digoxin can cause ietal harm when agministered 0 a pregnant
woman or can aftect reproduction capacity. Digoxin should be given 10 a
pregnant woman only it clearly needed.

Nursing Mothers: Studies have shown that digoxin concenirations in the
mothers serum and milk are similar. However. the estimaled daily dose 1o a
nyrsing infant will be far below the usual infant maintenance dose. Theretore.
this amount shouid have no pharmacologic effect upon the infant.
Nevertheless. caution should be exercised when digoxin 15 admimistered to a
nursing woman,

ADVERSE REACTIONS

The frequency and severity of adverse reactions to digexin depend on the
dose and route of administration. as welt as on the pabeat’s underlying
Qisease of concomitant therapies (see PRECAUTIONS section and Serum
Digoxin Concentrations subsection of DOSAGE AND ADMINISTRATION),
The overall incidence af adverse reactions has been reporieg as 5 to 20%.
with 15 t6 20% of them being ‘considered serous (1 to 4% of patients
recewving digoxin). Evidence suggests that the incidence of toxicity has
decreased since the introduction of the serum gigoxin assay and improved
standardization of digoxin tablets. Cargiac toxicity accounts for about one-
half, gastraintestinal disturbances for about one-fourth. and CNS and other
toxicity for about ane-fourth of these adverse reactions.

Adults:

Cardiac~inifocal or multiform ventricufar premature contractions.
especially in bigeminal or !ngeminal patterns, are the most common
arrtythmias associated with digoxin toxicity in adulls with heart disease,
Ventricular tachycardia may result from digitalis toxicity. Atrioventricutar (AV)
dissociation, accelerated junctional (nocat) rhythm, and atnal tachycardia with
biock are aiso common arrhythmias caused by digoxin overdosage.

Excessive siawing of the puise IS a clinical sign of digoxin overdosage. AV
block (Wenckebach) of increasing degree may proceed to compiele hean

Note The slectrocardiogram is fundamental in determining the presence and
nature of these cardiac disturbances. Digoxin may also induce other changes
in the £CG (e.g., PR prolongation, ST depression), which represent digaxin
effect and may or may not be assaciated with digitalis toxicity.
Gastrointestingl-—Anorexia, nausea. vomiting. and less commanly diarrhea
are common early symploms ol overdosage. However, uncontrolied heart
faifure may also produce such sympioms. qutaus toxicity very rately may
cause abdomenal pain and hemorrhagic necrosis of the intestines.
CNS~-isual disturbances {blurred or yeliow vision), headache. weakness,
dizziness. apathy, and psychosis can ogour.

Other—Gynecomastia is msmaily ooserved. Maculopapular rash or other
skif feactions 78 rasely observed.

infants and Children: Toxxclw ditfers irom the adult 1n @ number of respects.
Anorexia. nausea, vomiting, diarrhea. and CNS disturbances may be pressat
Dut are rare as initial sgnmoms n infants. Cardiac arrythmias are mare
reliabie signs of foxicity. Digoxin in children may produce any arthythmia. The
most cammonly encountered are conduction disturbances o Supraventricular
tachyarrythmias. such 2s atrial tachycardia with or without block and junclional
(nodal) lachycardia. Ventficular arrhythmias are fess common. Sinus
dradycaidia may aiso be a sign of impending digoxin intaxication, espacially

- -
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OVERDOSAGE

Treatment of Arraytiimias Produced by Overdosage:

Adults: Digaxin should be discontinued Lt aii signs of toxcily are gone,
Discontinuation may be aii that /s recessary if loxic manifestations are nor
Severe and appear anly near the exgected tme for maximum etfect of the drug
Correction of factors that may contribute 10" toucity Such as electrolyte
Jisturpances. nypowa, acid-base disturdances. and. removal of aggravating
agents such as catecholamines. snoutd also be considered. Potassium saits
may de icuiarty if hy mig :5 present. Pofassium
agministration May be ‘dangeraus in the setting of massive digitalis
gverdosage (see Massive Digifalis Overdosage subseclion beiow).
Potassium chioride i divided oral doses totating 3t0 6 ?rams of the sat (40
i 80 mEq K+) for aduits may be given providea renat funchion s adegquate
1522 Delow for porassium recommendations n Infanis ang Chitdren)

When coneclion of the amhythmia is” urgent and tne seruf potasswim
concentration is iow o7 normal. Dolassum shaul be administered

SH3aned B ,..’ wr PRSI 4 <y LT el
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Note. This equation cannot oe used lor estimat tinme cieafance in

wniants or children " o ieatance

A COMMON practice invoives the use of Lanoxin injection 12 achieve rapig

gigranzation. wih conversich 16 Digoxin Tapiets of Lanoxicaps tot

Tantenance therapy. If Datients are swirChed rom ntravenous i ran gigoxin

formutanions. aiiowances must be made 101 Q:tlerences 5 Bioavailabriiy when

gﬁc‘ummq manenance cosades isee tabie.” CLINICAL PHARMAGOLOGY
100} .

Aduits—Gradusl Digitatization with o Maintenance Dose: The

{ofiowing table orovices average Dgoxn Tagler caly mantenance 205

.'enuﬂ'emems for patients with neart feiyre 9ased uDON tean dody weight ang

fenal luntiion

Usuar Digoxin Dany Mantenance Dose Requisements | ny!
For Estimatea Peak Booy Stares af 10 ugrkg

n 5% dextiose injection For adults a total of 40 to B0 MEq (diluted to 3

concentration of 4G mEq per 500 ML) may be given at 4 rate not exceeding 20

Lean Body Weight (kg/ibs)
S0/110 60132 T0N1S4 BOATE 0N0E 4

3 ot 3 Jigrans g aher man gigaxin,
4 Conaitions idescrbed 1 WARNINGS ang PRECAUTIONS sections:
2using an iteration «n e sersitivey of the atient fp digoxin

5 Tne patient "alts Quisige the narm » ms espanse ¢ ¢ ~and
TGEXN TS TSI STOUIT 7y D0 rsaches Mer sxerusich 3t e
JMMer SUSSIDilIES 30 Senerany SNCL.Q 38 SOrhrmed Dy a0CK o
<QITEIANONS OF ThiMCal JDSErvatiORS Mith SErU ,JCKin SINCerTalong
Tre serum concentraton 9ata snculd aways be mierpreteg - e
overait Shinical Sontext ang an stiated serum concenitar
shouid 7Ct be used atone 35 2 Laws “or ACIRASING I Jecr

2igonn Sosage
Oosage in F y Digi

Adjustment ot Mai

Patients:

Digoxin Tabler maintenance Joses i -rgwiqust fanents o 51230
2:gCxiN €30 De adiusted LOwars Sr Jownwars - orogon 23 s
0f Ihe Jesired versus !te Measureq serum soncentrangs Fav sxamgis
3 Caliert at steady-state on 125 ug 10 125 mg) of Digoxn Tadiets oo

mEq per hour. or siower i limited by pain due to focal irmitanion. Addiional
amounts may oe qiven if the arrythma is and im welt
tolerated. ECG mannoring snauld be performed to waich for any ewidence of
potassum toxicity 1€. . peaking of T waves} and to onsarve the effect on the
arrhythmia. The infusion may be stopped whien the desired effect is achieved
Note: Potassium shoutd not be used ano may be dangerous in heart dlock due
10 digoxin. uniess primarily reiated t0 Supraventricular tachycardia.
Other agents that nave teen used for the treatment of digoxin intoxication
incluge tidocame. proca . . and although use of
{he tatter must be considered expenmental. ln agvanced heart black. atroping
angfor temporary ventricular pacing may be beneficial. Digibind. Digoxin
Immune Fab (Qvine), can be used to reverse ‘potentsally Tite-threatening
aigoxin {ar n in 51gns and symptoms of
digitalis taxicity usually begins within 172 hour of Oigiting admimistration
tach 38 mg viat of DIGIBIND wilt neulralize 0.5 mg of gigoxin (which 1s a
usuat boay store of an adequately digitalized 70 kg patient).
Infants and Children: See Adutt sectian for generai recammendaions for the
freatment of arrhythmias produced bv overdosage and for cautions regarging
the use of potassium. If a potassium preparation s used 1o treat toxicity, it may
be given orally in divided doses totating 110 1.5 mEq Ke per kilogram (xg) body
weight (1 gram of potassium chiaride containg 13.4 mEq Ke).
When carrection of the arthythmia with potassium is urgent, appsoximately 0.5
mEq/kg of polassium per hour may be given intravenousiy, with caretul ECG
moni™ g The intravenous solutian of potassium should be dilute encugh to
avo 2cal frritation; however, especiaily in infants, care must be taken to avoid
intr: 2nous fluid overioad.
Masive Digitails Overdosage: Manitestations of lfe-threatening toxicity
i «de severe ventricular amhythmias such as ventricular tachyeardia o
culdr Horillation. of progressive ias Such as severe Sinus
ycardia or secand- or thirg-gegree heart block not responsive 0 atropine.
i overdosage of more than 10 mg of digoxin in previously healthy agutts or 4
J in previously healthy children or overdosage resulting in steady-state Serum
concentrations greater than 10 ng/mi., often rasults in cardiac arresy.
Severe digitalis intoxication can causs fife-threatening elevation in serum
ootassium concentration by shifting potassium from inside ta outside the cell
tesylting in hyperkalemia. Administration of potassium supplements in the
sefting of massive intoxication may be hazardous.
Digibing, Digoxin Immine Fab (Ovine), may be used at a dose equimolar 1o
digaxin in the body 1o reverse the effects ol ingestion of @ massive overdose.
The decision to aominister Digibind before the onset of loxic maniestations
wilt d'eoend on the likelihood that iife-threatening toxicity will occur (see

Patients with massive digitalis ingastion should receive farge doses of
activated charcoai to prevent absorplion and bind digoxin in the gut during
entesoenteric recirculation. Emesis or gastric lavage may be indicated
especially if ingestion has occurreg within 30 minutes of the patient's
presentalion at the hospital. Emesis should not be induced in patients who
are oblunded. if a patient presents more than 2 hours after ingestion or
already has toxic manifestations, it may be unsafe lo induce vomiting ar
attempt passage of a gastric tube. because such maneuvers may induce an
atute vagal egisode that can worsen digitaiis-toxic arthythmias.

DUSAGE AND ADMINISTRATION

Recommended dosages are average valuss that may require
considerable moditication becsuse of individusl semsitivity or
associsted conditions. Diminished renal function is the most important
facior requiring moditication of recarnmended doses.

In deciding the dose of.digoxin, several factors must be considered:

1. The disease being treated. Atrial arthythmias may require larger doses than
heart faiture.

2. The botty weight of the patient. Doses should be catculated based uptn lean
or igeat body werght.

3’. The patient’s renal function, preferably evaluated on the basis of creatinine
clearance.

4. Age is an important factor in infants and chitdren, )

5. Concomifant disease states, drugs, ar other facors likely fo alter the
expected clinical response to digoxin (see PRECAUTIONS and Drug
interactions sections).

Digitalization may be accomplished ty either of wo general appsoaches that
vary in dosage and [rsquency of administration, but reach the same endpoint
in 1erms of total amount of digoxin accumulated in the body.

1. Rapid digitalization may be achieved by administering a loading dose based
upon projected peak body digoxin stores, then calculating the maintenance
dose as 3 percentage of the loading dose. .

2. More gradual digitalization may be obtained by beginning an appropriate
maintenance dose, thus allowing digoxin stores 1o accumulate siowly.
Steady-stats Serum digaxin concentrations will be achieved in‘approximately
five hait-lives of the drug for the individual patient. Depending upon the
patient’s renal hunction, this will take between 1 and 3 weeks.

Adulis:

with 8 Loading Dose. Peak body digoxin
shoutd provide therapeutic effect with minimum nisk of
foxicily in mast patients with heart failisre and nomal sinus . Larger stores
(10 to 15 ug/kg) are often required for adequate contra} of ventricular rate in
patients with atrial flutter or fibdrillation. Because of aitered digoxin distribution
and elimination, projectsd peak body stores for patients with renal insutiiciency
should be conservative (i.e. 6 0 10 ugAg) (see PRECAUTIONS section].
The loading dose shoult be based on the projected peak body stores and
administered in Severa) postions, with soughly half the total given as the first
dose. Additionat fractions of this planned lotal dose may be given at & to 8 hour
i.narivgmwml assassmant of clinical response befors sach

If the patient’s clinical responrse necessitates a change from the calculated dose
of digoxin. then caiculation of the maintenance dose should be based upen the
amount actually given.
50510 720 g (057 0.7 ) sy oA Ot e i 03 0
o .5 10 0.75 mg) usually pre 3 in
2 hours mat“gecomos maximal in 2 to 6 hours, Additional doses of 125 to
375 ug (0.125 to 0.375 mg) may be given cautiously 3t 6 to 8 hour intervals
untit clinical evi of an effect is noted. The usual amount of
Digoxin Tablets that a 70 kg patient requies to achieve 8 to 15 jug/kg peak
body stores is 750 to 1250 ug {0.75 to 1.25 mg). ‘
Although peak body stores are mathematicaity retated to !oading doses and
are utilized 1o caiculate maintenance doses, they do nol correlate with
measured serum concentrations. This discrepancy is caused by digoxin
distribution within the body during the first 6 to 8 hours following a dose.
Serum concentrations drawn during this time are usually not interpretable,
The maintenanca doss should be based the percentage of the peak body
s!or,eé‘iw each gay hrough elimination. mwm‘ formuia has had wide
ctinical use:

Mﬁmuoosezmmsm(i.e.,mwm)xﬁ.ﬂi’i%ms
Where: % Daily Loss = 14 + Cor/S

stores of 8o 12

0 83t 18 125 125
0125 15 125 18 188 18 19
2015 125 188 188 188 A0 16

Correctes 30 125 188 188 188 50 250 14 Numper of
Cor 4015 18 18260 X0 20 13 O
(msmn 50 188 13 X0 %0 0 250 12 Betore
berTOkp 60 188 188 250 20 250 A5 11 Sweany-Stae
01 0 %0 20 20 375 10 Acnieveg

& 188 N 20 250 35 %9
0 188 250 250 20 375 500 8
100 250 %0 250 375 375 50 7

63 ug = G063 Mg
1172 01 125 uq 1adlet of 125 g every other day
1172 of 125 ug tantet

Example—based on ihe above table. a pabent in hear faiiure with an
€stimated iean body weight of 70 kg axd a Cer of 60 mi/min, should be gven
250 ug (0.25 mg) Digoxn Tablel each day usually taken after the morning
mv Steady-state serum concentrations shoyid Aot be anticipated before 11

Infants and Childrem: Oigitanization must be ndividualized. Divided daly
dosing is recommendad fof nfants anc young children. Chitdren over 10 years
of age require auit dosages i proportion 1o theif body weight,

Usual Digutatizing and Maintenance Dasages for Digoxin Tablets
in Children with Normai Reaa) Fuaction Basad on Lesn Body Waight

Digitalizing* Dailyt Maintenance
Age Dose (ug/kg) Dose (uy/kg)
2105 Years 3010 40
510 10 Years 21035 2510 35% of oralicading doset
Over 10 years 101015 .

° LV digitalizing doses are 80% of oral digilahzing doses.
1 Divided daily dosing is recommended for children under 10 years of age.
$ Projected of actuai digitalizing dose providing clinical fesponse.

ER—

In the newbom penod. renal clearance of digoxin 1 diminished and suilable
dosage adjustments must be observed. This 15 especially pronounced in the
premature infani. Beyond the immediate newborn period, children generally
Tequire proportionaily lasger doses than adults on the basis of body weight of
body surface area.

Lanoxin Injection Pedratric can be used to achieve rapid digilalization, with
canversion to an oral digoxin formulation for mainienance therapy. if patients
are switched trom intravenous 1o orat digoxin tabiets or elixir. aliowances must
be made for differences i biavailability when calculating maintenance
dosages (see bioavailabilily tabie in CLINICAL PHARMACOLOGY section and
dosing table above).

Intramuscuiar injection of digoxin is extremely painful ang oflers no
advantages unless other routes of aoministration are contraindicated.
Digitalizing ang daily maintenance doses for each age group are Qiven above
and should provide therapeutic effect with mmmum risk of toxicity in most
patients with heart failure ang norma; sinus chythm. Larger doses are often
required for adequate control of ventricular rate in patients with atrial flutter o
fibrillation

The loading dose shouid be administered in severat fortions, with rougiy half
the totat given as the first dose. Additional tractions of this planne tofat dose
may be given at 6 to B hout intervals, with carefu! assessmeni of clinical
razponse before each additionsi dose. If the patients ciinical response
flecessitates a change from the calculated dose of digoxin, then ¢algulation of
the maintenance dose should be based upon the amount actually given.

[See thurd tabie above.)

Mare graduai digitalization can also be accomplished by beginning an
appropriate maintenance dose. The range of percentages provided above can
be used in calculaung this dose for patients with normal renal function: In
children with renal disease. digoxin dosing must be carefully titraied based
upon ciinical response. B

Long-term use df digoxin is indicated in many childfen who have been
digitatized for acute heart failure, uniess the cause is transient. Chidren with
severe congenital heart disease. even after surgery. may require digoxin for
prolonged periods.

B cannot be oversmphatized that both the adult and pedistric
dosage guidelines provided are based upon sverage patient
response and substantial individual varlation can he expected.
Accordingly, ultimate dosage selection must §e based upon tlinical
assessment of the patient.

Serum Digoxin Concentrations: Measurement of serum digoxin
concentrations can be helptul to the Clinician in determining the state of
digitalization and in assigning cerain probabilities to the likeiihood of
digoxin intoxication. Sludies in’ adults considered adequately’ digitalized
(without evidence of toxicity} show that abott two-thirds of such patients have
serum digoxin evels ranging from 0.8 to 2.0 ng/mt. Patients with atrial
fibrifiation or atrial flutter require and appear to tolerate higher levels than do
patients with other indications. On the other hand, in adult patients with
clinical evidence of digoxin toxicity, about two-thirds will have serum digoxin
levels greater than 2.0 ng/mL.. Thus, wheseas levels iess than 0.9 ng/mL are
infrequently associated with toxicity, leveis greater than 2.0 ng/mL are often
associated with taxicity. Values in between are not very hetpiul in deciding
whether a certain sign or Symplom is more likely caused by digoxin toxicity
or by something eise. There are rare patients who are unable to tolerate
digoxin even at serum concentrations below 0.8 ng/mi. Some researchers
suggest that infants and young children toierate slightly higher serum
concentrations than do aduits.

To allow adequate time for equilibeation of digoxin between serum and tissue,
sampling of serum concentrations for clinical vss should be at
least § to 8 hours after the isst dose, regardless of the route of
administration or formulation used. On a twice-daily dosing schedule, there
will be only minos differences in serum digoxin concentrations whether
sampling is done af 8 or 12 hours after 3 dose. After a single daily dose, the
concentration will e 10 to 25% lowsr when Samplec at 24 versus 8 hours,
Gepending upon the patient's renal function. (dealfy, sampling for assessment
of steadly-state concantrations shoutd be done just before the next dose.

if a discrepancy exists between the reported serum concentration and the
observed clinical response, the clinician should consider the foliowing
possibilities:

day witna erum concentsanon ot 0 7 agrml snouis mave e
3cse inereased 10 250 ug 10 25 ™3 ger Jay 10 2cMveve 2 st2acy- sigre
serym cencentraten of 14 ng/mi sssuming the serum digoxin
congentrstion measurement is corract. renal function
remains stabe during this time. and the needed adjustment
is not the result of 2 probiem with compliance.
Dosaga Adj When Ch P T2
aifference «n Dioavailability petween mectable Langxin o7 Lancricags
and Lanoxn Ehnr Pegiatrie or Digoxn Tablets must be corsizersy
when Cranging patients 7am ane 6¢34ge 1rm e another

Lancxin {njection and Lancxicaps coses 5t 100 g (0 1 Mg 3nd 200 ug
102 mg) are apprexmately snuwalet 13 125 ug (0 125 gt ang 250
1010.25 mg) doses of Digoxin Tabie's ang Lanoxin Elur Pegialne (see
‘aple of CLINICAL PHARMACOLOGY sectiom) intramuscuiar wectan
of digoxin +$ extremely paintul ang oHfers no acvaniages unless smer
routes of acministration are contranaicated

Store at 157 to 257 C (53° 10 77° F) in & dry pface ang protect fram
hght.

HOW SUPPLIED

DIGOXIN TABLETS Scores 125 g (6 125mg) Bofties of 100 iNDC
51285-816-02). 1000 (NDC 51285-916-05). imprnrea dy 914 iyeniow

DIGOXIN TABLETS. Scored 250 yg (0 25mg). Botues of 100 (NDC
51285-15-02). 1000 {NDC 51285-9°5-05). :morintea dp 915 (whiey
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